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*fc. ^Hi^m 1 8 <D^m.i^mCi. 6 0~8 0^zLT•fc5:li/iS^f^LV^o #dFL«:^18 

m tz mmt^ ^ ^ y< ^ K a X . mmwmm t (omm^m i ^^i^m^-r ^ r ir^sT* 

«=®18(D«^*j3N-i:'fe5<a^lSfc?^fifc$n5^l!gtXtt«i»l;^Cj^7yj5'*s#^Ei-5»-a-tc 
[ 0 0 6 8 ] 50 
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^ mn.<t^ ^ ^< ^ mmm 1 o t vx (om ^ \t . s o~2 o OfimX'h^:itii^m- 

[ 0 0 6 9 ] 

:^^m (om%<t^ ^ ^ ^< '> mmm 1 0 izt)>7i^ ^ . ±ut y ~ = ~ h m i 7s.T^±fs# 

I 0 0 7 0 1 

:^^m<Dmmt^^^^<'>^mmmioi^. H4, ®5j5.tf06tc;^-rj;5'fcSS7ox 

[ 0 0 7 1 ] 20 
gl4tc:^i-^1170tt. ^J:bT. ^IWci — /P71i:, ^2(Ou — /V'72i:, M 1 <0 u 

— /VI 1 ^^200—^-7 2 i:<Dra{CgaS$iX-5^«fea7 3 i:. 2o<;?3ti$n — /P7 9 h 
*-4>«J*^^^TV^5,o mi<?5n-/v7ltt, RS4^<o#:S:74i:x-7°^<DmioaJl^*^ 
v'-^75^:*^p5Sfig;$i^-CV^5o <D% \ ay'^m^'^ ~ V l 50-sett^S74JcigiB! 
$JxT*5t). SJc:^10ie[®f*:v'-h7 5«:^:K7 4»c^|5|$ixTV^5<, Mlci^lOiBIg 

h75rt:. S^*:->— hBl±J;i^Mfg->— hl60 («iSlOJC*5V^T*«{4^16 

[ 0 0 7 2 ] 

m2(On-/W7 2«. ±fE^l<Di9f^f*:'>-^7 5©^tfeSfg:as^i^^i^fcRS:t^O# 
S:7 6Sr^rbTV^S„ 35 :^2«>a — yu7 20^SC7 6{C{4^^^;E;7 6Sr|5Jte$-^5 30 

L 1 *^*L. Mtc:^jS«7 3 4^(c:*5V^T^^MS^iS^ixfc^<om2(0=MJi**:'>- h 7 
7*JM>£<D3gS-e^IsJ$n-5i pt-'ioTV^So 
[ 0 0 7 3 1 

5feT. ^S^feffl^-iJ'iiSlHlfe-rSi:. ^2(OD-/W7 2(0#S7 6*S|Hlteb. ^ \ (O vl 

— /VI \ n^-^. 1 4t;i^l5]$tvTVN;5^1<7>aii<*v'— ^ 7 SdS^l con — /W7 lo^gp 

ikic, §|#ttl$tvfcmi(Da«i*iy-h7 5w^M®'>-hi6 0±(c 

nr:/y-=> — h®?gfi£ffia*j$Li*^p3 7'iSSML2 3!isjF$^$ix^„ ^^:{c:. ^;E;]^it)ffi 

^_^cr)|pj^{-j;^^ SKL2CDff^^$ttfcMl<Oi9®f*:v^-h 7 5{i. X«fn — /P 7 9 40 

<t (9 Kji^^ 7 3 ^ 5. 7 3 »C:}3V>T. ^ 1 (D ^ ® - h 7 5 ± ^ 

lKL2l4^j!S^?n. aagL2>f>0^1<D?S{^SldSB^*$iXT, h ^ f\. t:L h ^ <r> T 

y - - Vm \ 1 <r>mm^}:: fi.^m 1 9. (eiT^ r^i(DBfliP{i^Jl7 8j ^:Vn5) hfa^ 

^*$i^SJ:pJic^#-x?^T^:?^^'5|58t)^-fcv^T^±#t;I$|J|5Sli^^^v^*i. 7 0~i3 0'C, o 
. l~3^5-ra©^#T-=fT4:>tu5wi:*s»*UV^. 
[ 0 0 7 4 ] 

^LT. ^TS^^lljffl^-iJ'OlilfeJCJ;^). mi<^aJl^'>-b7 5J:(;iMl05ltr]^^ji7 
8cD?^j^$jxfc^2roiKS^v'- h 7 7 {4. S}$d-/W7 9{CJ; '0 ^1^^ 7 6 ^m^t^i^X m 
1S:7 6izmm^iVi>o 50 
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[ 0 0 7 5 ] 

ijfcl^. ^ 2 <r> u — /V 7 2 \c ^ m ^ in fzm 2 <D mm — V 1 7 ^ . msd^i-i^d^i 

con — /P7itD{aii(c^sb. ±'^<o^ \ (Dmmwm 7 s (om^:^ m t nw.<r> ^m-Q . 

7 s ±\z\-t^^^mM^mm^w.-L z i)^ hta^m.m'L A m^m^^ o ^5:v^-c, m.i^m.7 

3^\z^\^x. ^ 2 (omm^i^ - V 7 7 ±(Dmmi^ 4 nm.i^^ti. ^.m^L ^ (d$^ 2 (om 
^ s 2 i)^^.^ ^ f\.x . m.m t ^ Htz t ^ (D^^w-M 1 & <r>mm^ t ^ M ^ B (gir. r 

B 2 © HulP^*:® 8 8 J i: v^ 5 ) ''j: 5 . /j: *J . I£ iSIS 7 3 ^ *3 »t 5 ^ lg L 4 <D ft «! {i , 

JcSiJPSli'tCV^dS. 90~130"C. 0. 5~5^J-m<D*#-tffiripix-5ri:;iS»iLV^. 10 
[ 0 0 7 6 J 

^rUT, m2(Dmmi^'>~-h7 7±^z■m2<Dmm^m8 8(Dm^^intzf^3(Dmmi^iy- 

h 8 7tt. 3ti^n — yw7 9(c:J;t)#:K7 6— ^*»ix xm S7 6^C#|Hl*i^■5. 

[ 0 0 7 7 1 

2<^S&)P<!^8 sSr^i <oStr^«:g7 8±ic:?g^-r'5*ffitcov>T«:JiS5o;^jfe{cKBSSJx 
[ 0 0 7 8 1 

•r ^£t>h. m 4 ^ -t X 0 iiz — Kf^ 2 <D m m w — h 7 7^:^200 — 7 2tc:#i5iLfc 20 

f^l<OD-/P7 1(D^S7 4(C^gE#S7 4-l:lHlie^-fr5fc*(D#:ECJEib^^-;5' ( 
E:T^-*-f) trg^igcL. gl4tcS^-r*rRJtj^O*-ro]{c#;8;7 4Sr[5Ife$-B:5. ^IJxtwioT 
, B2<On — /V7 2(C#[iI$^^TV^S^2<OiB|ji^iy— h 7 7^5^200 — /V7 2<D:J1-gP 
tC§|ttil$ti,S. ifclc, gltt±l$nfc||20i»®{^->'— b7 7d5ftiSm7 3{C^A$n-5 

^s&T. SE^2(Z)«M«sv-h7 7<D^ios(riEfls7 8 ±iz^iii^mi^^mmmmj^ 3 ^ 
vxmm-L 4 ^m^i. . ^\'^xm.m^^xm 2 (ommi^m s 8 a^^^^ tiitm 3 

^^i^- }. 8 7 $r^§5;&&-dSfc5„ 
[ 0 0 7 9 1 

*fc, 3!tcf|feo:fr&i:LTJJ:<D;fy&;&5*»fe,H5. -f- I£ 7 3 ^ 3^ <^ K RS iS: 

*jv'>T2-&iHSL,. m 1 <omMVi^-> - h 7 5 ±{zr > ^ — h mj^^mmmmL 1 30 

^mb, l-^gcDftjS^7 3t'Tftj!tLT^l(DSfF^^S7 8?:?i^^rfeL. ggV>Tmi(Omn^ 

f^^m 7 8 ±iz0^:R.i^mm^mm^m h 3 ^^^pl. 2-&acofti^m7 3 izx m.m x m 2 
<Dmmf^m 8 8 ^ m ^-t i> :z t x 3 (d m m - h a 7^^§t. ^tv^#:s;7 sjc^ibi 

[ O O 8 0 1 

Aiz^ ±m<DXo^j:^m:^m^m:s:m^^xmhixfz±m(of^3<ommi^iy~-h8 7t. @ 

6jC:^i-S^B8 OSr^ffiLXm^V- h 9 OSrf^SS-rs, 
[ 0 0 8 1 ] 

lll6(-:^-f-SIS80li, ^tLT. ^l(7>n — /PSli:, M2cDn — /W82t. ^icOo 

— /i'8 1 i:^2(Oc2 — /US 2 ^:OPB1(cgHa$^^-5^ — /U7°V';^^8 3 tt^hm^^ivX\^^ 40 

5, ^iroa — /USlfi. Rtt4>t<D^--K84i:^(cijg'<fcv^-7'4^(Dm3cD^Si^v'— h 

8 7 ^:/i»e)fll^f£*^^Tv^5, rjomsoafgfit^i^'— h 8 7© — SStt^;S:8 4fcSi^$tT,T 

5Etc:^3<^aii^->-b8 7li^--E:84(C^l5J$HTV^5o B30i«®^$:v^-h8 
7«. S(^i>--l-BlJL(c^S^->--hl 60;ei5aji$nfc^l(75««^->-^75Jiic 
t^lWH?ilE{4^®7 8;4Sa«$tl.. M(-Ml<DBtilE<*:®7 8±(c^2c7?ft^{!^®8 8;i5iaJl 

[ 0 0 8 2 1 

m2ron — /W82li. ±lE^3(^)aS#:-> — h87<DfffeiS:dSSi^^^x/cRS^^cD^ 
.■E:8 6^:#LTV^5o K(C. ^2(On — yU8 2cD#;SC8 6IC{i^^^S8 6?rlHlte$ii:-5 
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[ 0 0 8 3 1 

— /PT'l^^^S 3 ^ \-mt^iX^ . u~ji^-:fu:^m8 3 \z t-i ^ 2o<DRS^^(Dd — 7 8 3 
Aid— 78 3B;65geg$j^TV^^o n — 78 3Atn — 78 3 Bi:{4, riX^O^ic^ 
30||^f*->- h 8 7dS#A$ix5J: 5^ciES$^^T*^9. w3xe><^)ra{c^30®S«:-> 
-h8 7dS}¥A$tl-5BP(C. n-^8 3A<DflS®i:^3<DS®fit:i^-h8 7(D^20«u]K 
#:S88<??^1-«S;55^^L. o — ^8 3B(Dmmtm3(Ommt¥~> — h8 7(DSi^i^~-h 10 
Bl<7)^1-a® (SB) *^o. @f^OiaSi:flE;^)-cm3(0«Si!^-:x 

- h 8 7SrJ¥ffiT#5J; pIC^S^ttTVNS. 
[ 0 0 8 4 ] 

ifc. r(73RS:t^Oa — v8 3AS.Ufn— ^8 3B«. ^iX'eiX-d^mScDmmi^i^ — h8 
78 3AST/n-783BI4. ^ tt ^ ix <0 jS.m m <0 ^ ^ 3 (D m M ^ — h 8 7 <D m £i 

[ 0 0 8 5 1 

u~-/u:fu:^m8 S-t-CiioV^T, IK3(^aS^->— b 8 7 ± (D 1 (Dmimi^m 7 8 RUM 

2 (Dmm^m 8 8 ^iml^RxJ^mzmm^ ix. ^K'eitT > =1 — h m 1 7 0 («^iio 20 
ic^n?>Ti^^-=^~hmi 7) Rxf^ni^m 1 so 0 izisn ^^ni^m 1 s) 

1 8 0(DJ1^ie$tl-fcliSv' — h9 0fi, ^S8 6JC#|sI$tv5„ 
[ 0 0 8 6 ] 

mm 8 0 vtz-:^ ^^mn. ±j&<ox^\cmiff>mm»m7 8tm2<r>mm 

«cS8 8i*sSI®$ttfc«(^=fToT'bJ;v^;iS. 5fe-fx ^i<OHtr^«i:g7 8:ds=BS®$3xfc« 
I^^TV^. ^2(D|fj|gfrjl8 8;is«)i$ixfc^lcSS=fT5J:ptcLT. *i^^^^<og 

[ 0 0 8 7 ] 

«±lftMLfcJ;5^j:;J^&t-J;?), S«=v-bB 1, t&JRfgv^-h 1 6 0. t >fr^=i^ y 30 

g 1 7 0 RXf^ni^m 1 8 0:6S;iOlilffT-5««^Hfc«^V— h 9 o^s#^tt. roSig 

v-- h 9 0 ^Bfmff>:k^ ^icmm-f ?> :i ttciox. ^^m<Dmm.itm^ ^ ^<-> ^ mmm 

1 O *J # 6> *t 5 o 

[ 0 0 8 8 ] 

(W^-fk^ =^r ^ iJ' ) 

*^!^<om^<t;^#-r/-?->^tt, ^v^^c:^^p)-t-^q^;K;yt<0^1 (D«:SS.tJ^jpS:|^<om20 

, ^%m<ommt^^ ^ ^<~> ^ ff)mm^£mmmm\^^\'^x . r/ — vRxii^y — y<Dm:ij 40 

v^T. ry — Kioi:L,Tffiv>5o 
[ 0 0 8 9 1 

lll7H*%B^Ofl;^{b^df-y/-?v'i5'(D^^®/£-|ligJ#^Sr^-riE®®T-fc<So *fc. 08 

(•im 7 iiz^-rm^it^^ ^ ^<'> (Of^^^T y ~ ki 0(D«soi£i^^[pj*^p>;'^fe«-^© 

MPBuiT-fc^o Wiz^ m 9 7 \z^-rm^it^^ ^ ■^<'> %:m 7 (o X 1 - X 1 m^fi^ o 
x^m\yfcm-B-<^m^wrmmxh^o ^fc. iiiio»*iii7{c:^i-mM'fk^=¥^/-?i>'^«:ia 

7 (DX 2 - X 2^{cf^o-C^»fLfc«'g-coSSPS:^i-^^»r®|I|T-fc^„ 

[ 0 0 9 0 ] 50 
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^©ry — Kio im 1 (omm) r w- (o y — h- 2 o {% 2 omm) t . t/-k 
1 0 t ti y - V 2 0 b <o?^\zmm\.xum.^ ^w-Wi'ij^<D± ^< u - ■5' A ot, mm's.^m 

Jtr — ^ s o o yt-n ^z ^ m ^ fx, ^ y — Y m V — V 2 2tt^hm^^f\,x\^^. 

[ 0 0 9 1 ] 
[ 0 0 9 2 ] 

^r — j^SOIi. SVMil^ffSji-S^lcD^^'/UAS lSU:^207-f/l'-i^5 2i:?r5fl-L-CV'> 

-So m s 0 \z ^ :^ MM M m \z is i-f ^ m i <d y ^ 5 i R XJ^ 2 (D :7 ^ 

ftjf. m.M^<o7 >( /i'j>.<DMf^-ri> 1 mcomum± (m^p (om 1 <o ^ /u m, s 1 coWlu s 

1 BSt;:^2(07>f/UA(75j^gi55 2 B) ^S^a-^■e:TJK«^JSrfflV^5*>X^it — hV — /U 
[ 0 0 9 3 ] 

[ 0 0 9 4 ] 

rttJClit), Jfft)ft»fllX3-X3co^5>(c:mi(7)7^'/UA5 1 i:^2<07^-/UA5 2i; 

Sr g -a- cF * -5 fc © -> — ^ ^ ^ tt 5 ie:> ^ ;ei5 < ^5 fc «6 . ^ — :^ s 0 (t 5 v- — /V as 

[ 0 0 9 5 ] 

5 l<D^g|J5 1 Bi:B2©7-f/WAOiitg55 2 BtSr^-g-LfciX — /^g^J*»e,^^fP^;l|5fcbi- 
[ 0 0 9 6 ] 

^fc. fSl<oy^/UA5 l5.l/B2<D7^-/WA5 2$r^fig-r^7-i'>'UA|4. "6Ii:p'|45r# 

>^ i f*:<0?g«Sr»M*t r i: 5, ^ <D tilt . :^ m <D ^ ^ /i' ^ - 

^^^mMizfS}±;^^:b:zti^x^^t t h\z^ mm'fk^=3r-y>'-?->^o^S$n5'<#^ 

[ 0 0 9 7 ] 
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m ^ <0 m-B- y ^ z^' m if h i, . ll!l2{c^-f1S'g'SS?:7^/VA5 3»i. ^rOF^® 
F 5 0 a lc:*5VNTm»K^jKlCg«4-t-S-a-^«fiiMcO*rta5<^S 5 0 a i:. *l^^fi5»® 5 

^T^i-^-g-a^^^-yl-AS 4li. mi 2{C;^-t-^-^'&S7-</PA5 3(^t&Me5 0 c <Of^m 10 

[ 0 0 9 8 ] 

^1(D7^/WA5 lXt/^2(07^/UA5 2i:LT^fflpIlg'k«-^'ai?:7-f/W^«. _hi£ 

mMi)^h . m 1 3 iZTT^ i^tzm^^'^y ^ j^- 5 4 <o X o . Mcf^^(r> m t ^ *rt$p<??®*» 

i:ft^lF|5(??Si:(Ora(-iHM$tu5^/^< i: t> 1 <3 <o St M M t i: ^ T ^ 3m£L±cr>mi>^hm 
[ 0 0 9 9 1 20 
9 . -fe ffl ^ « « ® ^ »K (c *r 5 ^ fit) S (fk^SJE&. mm. 

=firuT^^5-g■fi£«li-e^)i^^^#^^|5B^$i^/j;v^*s, Sf^m^. ;!k (^n'p <07i(.^) Rxim 

[ 0 1 0 0 1 

fiis^ f3L-^i^=LTi)i^ir^y:^^ y^} t \± . mu^^. M'^^ffn. ^^m^m-v^m so 

5}fy7al=^'>'1^/^:7r'f K^*s#»-fe.JxSo . 

[0101] 

*fc. ±sELfc013(C^bfc^-a-'a^7>r/UA54<D±p(C. *rt^(75S50atA^1-{C 

. *^gi5©S5 0b^<oJ:5'iC'g-^;^liia<oS^jE{-^ftS«-g'> ro-g-^;K/iiS!{(oS^> 
. ■Wxtf, jKy3i^i/>7-i/7^w— h (PET) . sKyr^K {-y-^ u i^<r>=s^i^ 

~T^>'^^=7:^^-y^1)^hfJ:^m^^m\^Xhi.\>^o 40 
[0102] 

* , -{r — 5 0 *5 tt 5 :^ T 03 V — $5 <D — /V ffi . # tC RB ^ $ H ''i V^ ;SS , :^ ffi 
[0103] 

[0104] 

i^iz^ T y — y 1 0 Rxf ^ y — h' 2 o X m. m -t ^ , r/ — h'lotvxa^ m i iz 
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1 0 t m m (D m ^ ^ m -t ^ w.m ^ m m I. ti h (D X' iy ^ o rrr*. m i 4 iZTik \^tz:t> y — v 
y- =1- hm 2 7 t . t^y- y m ±\z.m^^ fhtz^iiw-m 2 s t . ^myLi>m^ 

^ W U T , 
[0105] 

y - K i: L T ffl V^ T t> i o fz. tz V . + 5}- 11 ^ # Sr it L fc * * M ^£ 5 /h S S 0= 10 

m<r>m.n.it^^ ^ y<->' y mmmx$> ^ z t i^m^ lv^. 

I 0 1 0 6 1 

T/ — Ki ot:fjy — h'2ot<Dm\c^m^ri^±^<i^ — ^4on. ^mii<o ^m^t^ h 

^v^tt, -fe/wn-;:^, V ^ :^ /i- &Xf ^ V ^ ^ >■ h ^£ i> ^ X M ^ fii> ii^ fs: < 
[0107] 

mti. 1 o o n I. <omiz 5 0 7 5 ^ i^-x^h i> :z t t^m-^ ^£^. 

[0108] 

*y — K2 0O*mf*:2 8{4, Mx.JiT/V'$ = !>A*»P>/j^5;«;y — K-ffly — K2 2 
O — fflSfC«§tfi«j{-^i^$tt, ;*y — K^y - K2 20ftfe^tt'5^ — ;^ 5 O (D M Xf X 

So — T/-Kl0O^«ft:i8'b. m x.(imx\-i— ^ ^i-*^ h ^£ T y ~ V m 9 — 

vm^ 1 2(D-t^izm^6^izmm^ft. r / - h- m v - vmi^ i 2 (oi&ti^itm i 4© 

^ S5 {d M t/ T v> 5 o 

[01091 30 

m^K^fK3 0«>J^-;^5 0cDF*9lfl5^ra{-^i«$tt, ^ <D — ^ \i ^ T/ — KlO, ;«jy — 
K2 0. St/, -fe^-?!/ — ^4 0<Drtgi5lc-^^$^^T^^S:li:;^s^ff*LV^. 
[01 10] 

:6s<£<S!ii5B^ixsoT'. ^a^iK^ttffli-sm^K^jS (.^7iim.mwmm) xibi> ^ tt^ 

[0111] 

h77/U;rn;!}<^^h(OJ;5''i4^T>^-!:7Aig^, :7"nt°wv;*— tJ?^ — v^zt^ 
[01 1 2 1 

Bl7S.U^ia8»c;^-f-i5{c, % 1 <D y ^ /^^ b 1 (om^^ S \ B ISlXT^ 2 <D y ^ jVy 
(DWiU S 2B/6>P>^i'5itA^Oiy — /vasiCg^-r-Sry — Kffiy — Kl 2<DgB5)-(Da55)-{C 
14. ry-Kffiy-Kl 2i:«-7^>'WA^«^-t-S^-g-^i^7^-/WA4^0;&JS^i:(^3gfl4 
^B5JJ:-f-5fc«)(^>«6iit#:l 4*S^S$ixTV^5. mi<07^/UA5 l<DigtgP5 1 B 50 
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RXTf^ 2 (D y ^ /V- <Dm^ 5 2 B i)^ h ti: ^ m A ^ (O — /I- ^ \z ^ ^ :^ y — Kffl ]) — K 

[0113] 

r^^p5ite&^1^14XUfiteiS:«^2 4cD«^l4!^^c|S^$i^i^J:V^;4S. ■py;tl^. ^tv^tv^^^ 
J3i*^'b?^*!gStl-TV^T'bJ:V^o ''.CiJ, T/ — Kffly-Kl2SO^>&y — Kffi!;-K220 

[01 141 

~2. Omin-t?*)5ri35S0*U<, 0. 2~1. OniinT?&5ri:*SJ:^)»4UV>, 
[0115] 

, T/ — KIO. ^4 0S.I^:*y — K20;6^?3^<C-5«®^!^ (^1<^«<S. -fe^^W 

— ^SU^M2ro«^ld-?>?^£5ia®#:) (Om^ (mi^ 6 0 (O m ^ ) O. 15~0. 4m 

m-C*>2>wi:*Sif*U<. O. 15~0. 3mm-C*)2>w^:*SJ:D^^*UV^„»|^'fb^S^ 

2) r t iz i. -yX . ±mm^ — mm^^'^-^'>^ l Off$Ji.T/±|B*#:6 OOSSSr-hlB^ffl 

* -C- ^ < -f- 5 r i: ^ pJlg i: ;5 o 20 
[01 16] 

m.fS.~Mm^'^''<-^f' Itt. ^af.-Y^-^v'^^ftdil X 1 0" ^ ~1 0F-efc^ri:*S$f*L 
0. Ol~lFT-fc•5:l^^5i'9$f*Lv^. rttt-iO. 7>r/vA^^-cfc>)7:edsp5^ 

o 

[0117] 
[0118] 

mi^ 6 0 (ry—K 10, -fe^^v-— ^4 0XU^*y — K2 0;S5r:«5i(S-eWBjJ:a[®$ttfcSI 3o 
;^ffitc?t6oTf^Mbfc^. ry — Kios.T/*y — K2o<D^*vren{csjLT. r/ — k 

ffiy-K^^l 2^^U5;«7y-Kffl';-K2 2tr-f:ti.^tv«^&?jtcg/gg-t-S. •t/-«^-i5'4 

0 ^ T / ■- V 1 0 t y — ¥ 2 o t <o m ic^M L. tc^ii^m (.^^m^m) -cesl. 

0 Sr^fife-r 5 . 
[0119] 

[0120] 
[0121] 

mi^ < \^%\^^i&-<fz^^<Dm <Dm^ t ^ X. b \z . m m (o m t tj: ^ y /i^ 
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^ ffl ^ 5 o 

[01 22] 

) ^ . •gil X , > — m m X m ^ (o M X- m s <o — /i^ m if t — h ~ ju T i> 
o :l<o t ^ . m 6 0 ^ ^ — ^ 5 0 iz m A-t ^ tz (o m a u ^ m -r ^ fz \z ^ —^<o 

I 0 1 2 3 1 

^LT. m a^^m vtz'^m(o ^ - :^ 5 0 (Of^Uiz ^ r/ — vmv — vmi^i2Rx}^:^y lo 
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(54) [TITLE OF THE INVENTION] ELECTROCHEMICAL CAPACITOR 
ELECTRODE, METHOD OF PRODUCING THE SAME, 
ELECTROCHEMICAL CAPACITOR, AND METHOD OF PRODUCING 
THE SAME 
(57) [ABSTRACT] 

[PROBLEM] To provide an electrochemical capacitor electrode which has a 
structure enabling the formation of a thin film, is reduced sufficiently in 
internal resistance, has excellent electrode characteristics and is useful for 
the development of a small-sized and light-weight electrochemical capacitor. 
[SOLVING MEANS] An electrochemical capacitor electrode comprising a 
plate -like ciu:Tent collector having electronic conductivity, a porous body 
layer having electronic conductivity and an undercoat layer which is 
disposed between the current collector and the porous body layer and has 
electronic conductivity, wherein the undercoat layer is formed by appljdng 
an undercoat layer forming coating solution containing conductive particles, 
a first binder which can be bound with the conductive particles and a first 
liquid which can dissolve the fiirst binder to the current collector, and the 
porous body layer is formed by applying a porous body layer forming coating 
solution containing porous body particles having electronic conductivity, a 
second binder which can be bound with the porous body particles and a 
second liquid which can dissolve and/or disperse the second binder to the 
undercoat layer. 
[SELECTED DRAWING] Fig. 1 
[SCOPE OF CLAIMS FOR PATENT] 
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[Claim 1] 

An electrochemical capacitor electrode comprising^ a plate like cxirrent 
collector having electronic conductivity; a porous body layer having 
electronic conductivity; and an imdercoat layer which is disposed between 
said cxirrent collector and said porous body layer and has electronic 
conductivity, wherein said undercoat layer is formed by appljring an 
undercoat layer forming coating solution containing conductive particles, a 
first binder which can be boimd with the conductive particles and a first 
liquid which can dissolve the fixst binder to said current collector, and said 
porous body layer is formed by applsdng a porous body layer forming coating 
solution containing porous body particles having electronic conductivity, a 
second binder which can be bound with said porous body particles and a 
second Hqxiid which can dissolve and/or disperse the second binder to said 
undercoat layer. 
[Claim 2] 

An electrochemical capacitor electrode according to Claim 1, wherein said 
porous body layer has a thickness of 40 to 140 jim. 
[Claim 3] 

An electrochemical capacitor electrode according to Claim 1 or 2, wherein 
said xmdercoat layer has a thickness of 0.2 to 10 |xm. 
[Claim 4] 

An electrochemical capacitor electrode according to Claim 1 or 2, wherein 
said conductive particles contain carbon black as a major component, and 
said undercoat layer has a thickness of 0.2 to 5 fxm. 
[Claim 5] 



(3) 



An electrochemical capacitor electrode according to Claim 1 or 2, wherein 
said conductive particles contain carbon black and graphite as major 
components, and said undercoat layer has a thickness of 0.2 to 10 ^im. 
[Claim 6] 

An electrochemical capacitor electrode according to Claim 5, wherein the 
content of said graphite in said conductive particles is 67 mass% or less 
based on the total amount of the conductive particles. 
[Claim 7] 

An electrochemical capacitor electrode according to Claim 5 or 6, wherein 
said graphite has a BET specific surface area of 10 m^/g or more. 
[Claim 8] 

An electrochemical capacitor electrode according to any one of Claims 4 to 7, 
wherein said carbon black has a BET specific surface area of 50 m^/g or 
more. 
[Claim 9] 

An electrochemical capacitor electrode according to any one of Claims 1 to 8, 
wherein said binder in at least one of said porous body layer and said 
undercoat layer is made of fluoro-rubber. 
[Claim 10] 

An electrochemical capacitor electrode according to any one of Claims 1 to 9, 
wherein a method of applying at least one of said undercoat layer coating 
solution and said porous body layer forming coating solution is carried out 
according to an extrusion lamination method. 
[Claim 11] 

A method of producing an electrochemical capacitor electrode comprising a 
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plate-like current collector having electronic conductivity, a porous body 
layer having electronic conductivity and an undercoat layer which is 
disposed between said current collector and said porous body layer and has 
electronic conductivity, the method comprising- a step of preparing an 
undercoat layer forming coating solution containing conductive particles, a 
first binder which can be bound with the conductive particles and a first 
liqviid which can dissolve the first binder; a step of applying said undercoat 
layer forming coating solution to the surface of said current collector and, 
then, removing said first Hquid; a step of preparing a porous body layer 
forming coating solution containing porous body particles having electronic 
conductivity, a second binder which can be bound with said porous body 
particles and a second liquid which can dissolve and/or disperse the second 
binder; and a step of applying said porous body layer forming coating 
solution to said \mdercoat layer and, then, removing said second liquid. 
[Claim 12] 

An electrochemical capacitor comprising- a plate -like first electrode and a 
plate-like second electrode which face each other; a plate-like separator 
disposed adjacent to and between said first electrode and said second 
electrode; an electrolytic solution; and a casing receiving said first electrode, 
said second electrode, said separator and said electrols^ic solution in a 
hermetically sealed state, wherein at least one of said first electrode and 
said second electrode is the electrochemical capacitor electrode as claimed in 
any one of Claims 1 to 10. 
[Claim 13] 

An electrochemical capacitor according to Claim 12, wherein both of said 
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first electrode and said second electrode are respectively the electrochemical 
capacitor electrode as claimed in any one of Claims 1 to 10. 
[Claim 14] 

An electrochemical capacitor according to Claim 12 or 13, wherein said 
separator is made of an insulating porous body, and at least a part of said 
electrolytic solution is contained in said first electrode, said second electrode 
and said separator. 
[Claim 15] 

An electrochemical capacitor according to any one of Claims 12 to 14, 
wherein said casing is formed such that it contains a pair of films which 
have flexibility and face each other. 
[Claim 16] 

A method of producing an electrochemical capacitor comprising a plate -like 
first electrode and a plate -like second electrode which face each other, a 
plate-like separator disposed adjacent to and between said first electrode 
and said second electrode, an electrol3^tic solution and a casing receiving 
said first electrode, said second electrode, said separator and said 
electrolytic solution in a hermetically sealed state, the method comprising- a 
step of producing at least one of said first electrode and the second electrode 
according to the method of producing an electrochemical capacitor electrode 
as claimed in Claim 11; a step of disposing the plate-like separator adjacent 
to and between said first electrode and said second electrode; a step of 
receiving said first electrode, said second electrode and said separator in 
said casing; a step of injecting said electrolytic solution into said casing; and 
a step of hermetically sealing said casing. 
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[Claim 17] 

A method of producing an electrochemical capacitor according to Claim 16, 
wherein both of said first electrode and said second electrode are produced 
by the method of producing an electrochemical capacitor as claimed in Claim 
11. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD PERTINENT TO THE INVENTION] 

The present invention relates to an electrochemical capacitor electrode and 

an electrochemical capacitor using the same. 

[0002] 

[PRIOR ART] 

Electrochemical capacitors including electric double layer capacitors can be 
easily smaU-sized and made to be light-weight and are therefore expected to 
be used as power sources for backup of the power sources of, for example, 
portable devices (small electronic devices) and auxiliary power sources for 
electric automobiles and hybrid cars and various studies are being made to 
improve the performance of these capacitors. 
[0003] 

Particularly, to cope with the recent demands for the developments of 
small'sized and light-weight portable devices, it is required to develop 
electrochemical capacitors which are more reduced in size and weight to 
allow these capacitors to be installed in a smaller space. Namely, there are 
demands for an improvement in the energy density per unit mass and per 
unit volume of an electrochemical capacitor. 
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[0004] 

For this, an electrochemical capacitor has been manufactured, the capacitor 
having a structure in which a light casing (seal bag) produced by laminating 
two composite packaging films (laminate films) provided with a synthetic 
resin layer or a metal layer such as a metal foil and heat-sealing (thermally 
fusing) the edges of these films is used as an outer package sealing the 
structural elements of the electrochemical capacitor such as a pair of 
electrodes (anode and cathode) and an electrolyte. 
[0005] 

In this specification, the edge region of each heat-sealed (thermally fused) 
svirface (hereinafter referred to as "inside surface" of each film") of two films 
which are the materials of the casing is called "seal part". 
[0006] 

In order to attain the development of a small* sized and Ught-weight 
electrochemical capacitor, it is also desired to decrease the size and weight 
of electrodes in the electrochemical capacitor and it is required to improve 
electrode characteristics such as the electrostatic capacitance per imit mass 
and unit voliune of the electrodes. 
[0007] 

As such an electrode used in electrochemical capacitors, a type in which 
fibrous activated carbon is made into a felt and a current collector (e.g., 
aluminum) is deposited on or stuck to one side of the felt-like activated 
carbon and a type in which granular activated carbon is kneaded together 
with a binder such as tetrafluoroethylene, then the kneaded product is 
molded into a sheet form and a current collector is deposited on or stuck to 
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one side of the sheet axe known. Also, for example, a plate-like 
electrochemical capacitor is proposed which is obtained by sticking a 
polarizable electrode (electrode layer) prepared by molding a kneaded 
product comprising a porous body such as activated carbon and a binder into 
a sheet form to a current collector through an intermediate layer, thereby 
attaining an improvement in the adhesion and contact resistance between 
the electrode layer and the current collector (see, for example, Patent 
Documents 1 to 4). 
[0008] 

[Patent Document l] 
JP-A 2000-208373 
[Patent Document 2] 
JP-A 2001-284184 
[Patent Document 3] 
JP-A 2002-75805 
[Patent Document 4] 
JP-A 2002-50546 
[0009] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

However, in the aforementioned current electrodes produced by uniting 
activated carbon molded in a felt or sheet form with a current collector by 
deposition or sticking, an improvement in the adhesion and a reduction in 
internal resistance between the activated carbon and the current collector 
are insuf&ciently attained and the electrode is Umited in an improvement in 
electrode characteristics. It is therefore difficult to attain a more reduction 
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in the size and weight of the electrode while satisfactory electrode 

characteristics are maintained. 

[0010] 

Also, in the electrode in each of the above pubUcations, the electrode layer is 
molded into a sheet form in advance and this sheet-like electrode layer is 
stuck to the current collector via an intermediate layer and it is therefore 
necessary for the electrode layer to have a thickness satisfying the 
mechanical strength enough to maintain a sheet form, which makes it 
difficult to attain a reduction in the thickness of the electrode layer. 
[0011] 

Also, it is necessary that the electrode layer molded into a sheet form is 
made thick and increased in the amount of the binder to be used to obtain 
sufficient mechanical strength because the dispersibility of the porous body 
particles such as activated carbon and binder is insufficient. There is 
therefore the problem that it is difficult to make the electrode thin and that 
the internal resistance of the electrode is increased. Also, in the case of 
using such an electrode as an electrical double layer capacitor, the electric 
double layer interface cannot be formed such that it has a sufficient size and 
it is difficult to obtain excellent electrode characteristics. 
[0012] 

Moreover, the contact resistance between the intermediate layer and the 
sheet-like electrode layer is insufficiently reduced, bringing about an 
increase in the internal resistance of the electrode caused by the existence of 
the intermediate layer. 
[0013] 
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Namely, in electrochemical capacitors using the electrode described in each 
of the aforementioned publications, it is difficult to develop electrochemical 
capacitors which are more reduced in size and weight while maintaining a 
sufficient performance (capacitor characteristics) required for devices on 
which the electrochemical capacitor is to be mounted and these electrodes 
have not coped with the recent demands for the developments of small-sized 
and Ught-weight portable devices. 
[0014] 

The present invention has been made in view of the aforementioned prior 
art problems and it is an object of the present invention to provide an 
electrochemical capacitor electrode which has a structure enabling the 
formation of a thin film, is reduced sufficiently in internal resistance, has 
excellent electrode characteristics and is useful for the development of a 
small-sized and light weight electrochemical capacitor and also to provide 
an electrochemical capacitor using the same. 
[0015] 

[MEANS FOR SOLVING THE PROBLEMS] 

The present inventors have made earnest studies to attain the above object 
and, as a result, have foimd that the above object can be attained when a 
porous body layer containing a specific component and having electronic 
conductivity is laminated on a current collector through an undercoat layer 
containing a specific component and both the undercoat layer and the 
porous body layer are respectively formed by applying each coating solution 
containing structural components of each of these layers. 
[0016] 



(11) 

Accordingly, the present invention provides an electrochemical capacitor 
electrode comprising a plate like current collector having electronic 
conductivity, a porous body layer having electronic conductivity and an 
imdercoat layer which is disposed between the current collector and the 
porous body layer and has electronic conductivity, wherein the xmdercoat 
layer is formed by appljdng an undercoat layer forming coating solution 
containing conductive particles, a first binder which can be bound with the 
conductive particles and a first liquid which can dissolve the first binder to 
the current collector, and the porous body layer is formed by appl5dng a 
porous body layer forming coating solution containing porous body particles 
having electronic conductivity, a second binder which can be bound with the 
porous body particles and a second liquid which can dissolve and/or disperse 
the second binder to the imdercoat layer. 
[0017] 

Here, the aforementioned "imdercoat layer forming coating solution" is a 
coating solution that contains at least conductive particles, a first binder 
which can be boimd with the conductive particles and a first Uquid which 
can dissolve the first binder, wherein the conductive particles and the first 
binder are sufficiently dispersed in the first liquid, and that is prepared so 
as to have a fluidity level at which it can be uniformly apphed to a current 
collector by various coating methods. 
[0018] 

To provide such physical qualities, the undercoat layer forming coating 
solution is preferably prepared such that the value of Yi/Xi satisfies the 
requirements of the following equation when the mass of the conductive 
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particles is Xi and the mass of the first liquid is Yi. 

4.0 < Yi/Xi < 19.0 

[0019] 

The aforementioned "porous body layer coating solution" is a coating 
solution that contains at least porous particles having electronic 
conductivity, a second binder which can be bound with the porous particles 
and a second liquid which can dissolve and/or disperse the second binder, 
wherein the conductive particles and the second binder are sufficiently 
dispersed in the second liquid, and that is prepared so as to have a fluidity 
level at which it can be xmiformly applied to an undercoat layer by various 
coating methods. It is to be noted that the second liquid may be a liquid 
which can dissolve a part of the second binder and disperse a part of the 
second binder. 
[0020] 

To provide such physical qualities, the porous body layer forming coating 
solution is preferably prepared such that the value of Y2/X2 satisfies the 
requirements of the following equation when the mass of the porous body 
particles is X2 and the mass of the above second liquid is Y2. 
2.3<Y2/X2<4.0 
[0021] 

The aforementioned "undercoat layer" is a layer having electronic 
conductivity and formed by applying the imdercoat layer coating solution to 
the current collector. The undercoat layer is also a layer which serves to 
improve the physical and electric adhesion of the porous body layer to the 
current collector. Then, this undercoat layer contains at least conductive 
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particles which primarily impart electric adhesiveness and a first binder 
which primarily imparts physical adhesiveness to provide the above 
adhesion. 
[0022] 

The aforementioned "porous body layer" is a layer which has electronic 
conductivity, is formed by applying the porous body forming coating solution 
to the undercoat layer and contains at least porous body particles which 
have electronic conductivity and contributes to the storage of electricity and 
discharge of the electrochemical capacitor and a second binder. 
[0023] 

In the electrochemical capacitor electrode having such a structure, the 
undercoat layer and the porous body layer are both formed by application 
and, therefore, each layer has physically and electrically high adhesion and 
the electrode can be made thin (for example, 100 ^tm or less) easily. 
[0024] 

Also, the undercoat layer is formed by applying a coating solution prepared 
as an undercoat layer forming coating solution as mentioned above to the 
current collector. Therefore, the conductive particles and the first binder 
exist evenly in a highly dispersed state in the imdercoat layer and it is 
therefore possible to obtain physically and electrically high adhesiveness. 
Then, since high adhesiveness is obtained, the internal resistance of the 
electrode can be sufficiently reduced. 
[0025] 

Moreover, the porous body layer is formed by applying a coating solution 
prepared as a porous body layer forming coating solution as mentioned 
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above to the undercoat layer. Therefore, a part of each layer is mutually 
mixed at the interface between the porous body layer and the xmdercoat 
layer and therefore higher adhesiveness can be obtained. Also, since the 
porous body particles having electronic conductivity and the second binder 
exist evenly in a highly dispersed state in the porous body layer and, also, 
the content of the second binder can be sufficiently reduced, excellent 
electrode characteristics can be obtained. In the case of, particularly, an 
electric double layer capacitor, the double layer interface can be sufficiently 
secured. The electrochemical capacitor using the electrochemical capacitor 
electrode having such excellent electrode characteristics makes it possible to 
more reduce the size and weight of devices on which this capacitor is to be 
mounted while maintaining the satisfactory performance required for these 
devices. 
[0026] 

The present invention also provides a method of producing an 
electrochemical capacitor electrode comprising a plate-like ciirrent coDector 
having electronic conductivity, a porous body layer having electronic 
conductivity and an xmdercoat layer which is disposed between the current 
collector and the porous body layer and having electronic conductivity, the 
method comprising a step of preparing an undercoat layer forming coating 
solution containing conductive particles, a first binder which can be bound 
with the conductive particles and a first hquid which can dissolve the first 
binder, a step of applying the undercoat layer forming coating solution to 
the surface of the current collector and, then, removing the first liquid, a 
step of preparing a porous body layer forming coating solution containing 
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porous body particles having electronic conductivity, a second binder which 
can be bound with the porous body particles and a second hquid which can 
dissolve and/or disperse the second binder, and a step of applsdng the porous 
body layer forming coating solution to the undercoat layer and, then, 
removing the second Uquid. 
[0027] 

Here, the aforementioned method of removing the first hquid and the 
aforementioned method of removing the second liquid may be carried out 
according to, for example, a method of removing by natiiral drying and a 
method of removing by positively drying using a heater or the like. In this 
case, the first and second liqmds may be removed to a practically allowable 
extent and it is unnecessary to remove these hquids completely. 
[0028] 

According to such a production method, the electrochemical capacitor 
electrode as mentioned above can be produced easily with certainty. 
[0029] 

The present invention also provides an electrochemical capacitor comprising 
a plate-like first electrode and a plate-like second electrode which face each 
other, a plate-like separator disposed adjacent to and between the first 
electrode and the second electrode, an electrolytic solution and a casing 
receiving the first electrode, the second electrode, the separator and the 
electrolytic solution in a hermetically sealed state, wherein at least one of 
the first electrode and the second electrode is the electrochemical capacitor 
electrode as claimed in any one of Claims 1 to 10. 
[0030] 



I 
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Here, in the electrochemical capacitor of the present invention, the 
plate-like separator interposed between the plate -like first electrode and the 
plate -like second electrode is disposed in the state that one surface thereof is 
in contact with the second electrode side (hereinafter called "inside surface") 
of the first electrode and that another surface is in contact with the first 
electrode side (hereinafter called "inside surface") of the second electrode. 
Namely, in the electrochemical capacitor of the present invention, the 
separator is disposed in the state that it is in contact with the first and 
second electrodes but does not put in the state that it is boimd with these 
electrodes by, for example, thermal pressing. 
[0031] 

If the separator is bound with the first and second electrodes by thermal 
pressing or the like, (l) pores and voids which contribute to the formation of 
an electric double layer in both the electrodes are crushed and (2) pores in 
the separator which pores contribute to the formation of an electric double 
layer are also crushed partially, resulting in increased internal resistance. 
Particularly, in the case of a small electrochemical capacitor having a small 
capacity which capacitor is to be mounted on a small electronic devices, a 
slight difference in internal resistance Gmpedance) affects discharge 
characteristics significantly. When the internal resistance is increased, 
ohmic loss (IR loss) is increased and discharge characteristics are 
deteriorated. Particularly in the case of discharging large current, the 
ohmic loss is increased and there is therefore the case where it is impossible 
to discharge. Therefore, the electric double layer capacitor of the present 
invention adopts the structure in which the separator is in contact with the 
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first and second electrodes as mentioned above. 
[0032] 

Since the electrochemical capacitor having such a structure uses at least one 
electrochemical capacitor electrode according to the present invention as 
mentioned above, it is possible to more reduce the size and weight of devices 
on which this electrochemical capacitor is to be mounted while maintaining 
the satisfactory performance required for these devices and it is possible to 
install the capacitor in a Hmited narrow space for installation, for example, 
the inside space of portable type small electronic devices. 
[0033] 

The present invention also provides a method of producing an 
electrochemical capacitor electrode comprising a plate -like first electrode 
and a plate-like second electrode which face each other, a plate-like 
separator disposed adjacent to and between the first electrode and the 
second electrode, an electrolytic solution and a casing receiving the first 
electrode, the second electrode, the separator and the electrols^tic solution in 
a hermetically sealed state, the method comprising a step of producing at 
least one of the first electrode and the second electrode according to the 
aforementioned method of producing an electrochemical capacitor electrode 
according to the present invention, a step of disposing the plate-like 
separator adjacent to and between the first electrode and the second 
electrode, a step of receiving the first electrode, the second electrode and the 
separator in the casing, a step of injecting the electrolytic solution into the 
casing, and a step of hermetically sealing the casing. 
[0034] 



(18) 



The production method like this ensures that the electrochemical capacitor 
of the present invention mentioned above can be produced easily with 
certainty. 
[0035] 

[EMBODIMENTS OF THE INVENTION] 

Preferred embodiments of an electrochemical capacitor electrode, a method 
of producing the electrochemical capacitor electrode, an electrochemical 
capacitor using the electrochemical capacitor electrode and a method of 
producing the electrochemical capacitor according to the present invention 
will be explained with reference to the drawings. In the following 
explanation, the same or corresponding parts are designated by the same 
symbols and duplicated descriptions are omitted. 
[0036] 

(Electrochemical capacitor electrode) 

Fig. 1 is a schematic sectional view of the electrochemical capacitor of the 
present invention. As shown in Fig. 1, an electrochemical capacitor 
electrode 10 according to the present invention comprises a current collector 
16 having electronic conductivity, an undercoat layer 17 which is formed on 
the current collector 16 and has electronic conductivity and a porous body 
layer 18 which is formed on the undercoat layer 17 and has electronic 
conductivity. 
[0037] 

Any material may be used as the current collector 16 without any particular 
limitation insofar as it is a good conductive body capable of carrying charges 
to the porous body layer 18 through the undercoat layer 17 sufficiently and 
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any current collector used in known electrochemical capacitor electrodes 
may be used. For example, examples of the current collector 16 include 
metal foils such as an aluminum foil. As the metal foil, those obtained by 
etching processing or rolling processing may be used without any particular 
limitation. 
[0038] 

The thickness of the current collector 16 is preferably 20 to 50 i-im and more 
preferably 20 to 30 jim from the viewpoint of reducing the size and weight of 
the electrode 10. 
[0039] 

The undercoat layer 17 is a layer interposed between the current collector 
16 and the porous multilayer 18 and also a layer which imparts physical and 
electrical adhesion of each layer (current collector 16, undercoat layer 17 
and porous body layer 18) in the electrode 10 and contains conductive 
particles and a first binder which can be bound with the conductive particles 
as its structural elements. Then, the undercoat layer 17 is formed in the 
following manner. Specifically, first an undercoat layer forming coating 
solution containing the conductive particles, the first binder and the fixst 
liquid which can dissolve the first binder is prepared and then applied to the 
current collector 16, followed by removing the first liquid and the undercoat 
layer 17 is thus formed. 
[0040] 

Here, as shown in, for example. Fig. 2, the undercoat layer forming coating 
solution Ll is prepared by pouring the conductive particles PI, the first 
binder P2 and the first liquid SI into a container Cl with a stirrer SBl and 
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by stirring the mixture. Although no particular limitation is imposed on 
stirring time and temperature during stirring, it is preferable that the 
stirring time be about 1 to 5 hours and the temperature during stirring is 
about 20 to 50^C with the viewpoint of dispersing each component 
uniformly. 
[0041] 

Any material may be used as the conductive particles PI without any 
particular limitation insofar as it allows charges to be carried sufficiently 
between the current body 16 and the porous body layer 18. Examples of 
the conductive particles include particles of, for example, carbon materials 
having electronic conductivity. Specific and preferable examples of the 
carbon materials include carbon materials containing carbon black and 
carbon materials containing carbon black and graphite fi-om the viewpoint of 
obtaining excellent electronic conductivity. 
[0042] 

Moreover, as the above carbon material, those having the following 
characteristics which are found by X-ray analysis are preferable- lattice 
spacing (dooa)- 0.335 to 0.338 nm and stack thickness of crystallites (IjCoo2)- 
50 to 80 nm. 
[0043] 

Examples of the aforementioned carbon black include acetylene black, 
keffen black and furnace black. In the present invention, acetylene black is 
preferably used. Also, the average particle diameter of the aforementioned 
carbon black is preferably 25 to 50 nm. The BET specific surface area 
which is found using BET adsorption isotherm from nitrogen adsorption 
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isotherm is preferably 50 m2/g or more and more preferably 50 to 140 m^/g. 
The use of such carbon black makes it possible to impart excellent electronic 
conductivity to the undercoat layer and tends to reduce internal resistance 
sufficiently. 
[0044] 

Examples of the aforementioned graphite include natural graphite, artificial 
graphite and expansion graphite. In the present invention, artificial 
graphite is preferably used. The average particle diameter of the above 
graphite is preferably 4 to 6 |im and the BET specific surface area of the 
graphite is preferably 10 m^/g or more and more preferably 15 to 30 m^/g. 
The use of such graphite makes it possible to impart excellent electronic 
conductivity to the imdercoat layer and tends to reduce internal resistance 
sufficiently. The use of such graphite also tends to suppress internal 
resistance even in the case where the imdercoat layer is thick. 
[0045] 

Any binder material may be used as the first binder P2 without any 
particxilar Kmitation insofar as it is a binder which can be bound with the 
above conductive particles PI. Examples of the first binder P2 include 
polytetrafluoroethylene (PTFE), polsrsdnylidene fluoride (PVDF), 
polyethylene (PE), polypropylene (PP) and fluoro-rubber. Fluoro-rubber is 
preferably used in the present invention. The use of such a binder tends to 
be able to bind the conductive particles PI even if the amount of the binder 
to be compoimded is small and also tends to improve the electrical and 
physical adhesion of each layer in the electrode 10. 
[0046] 
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Examples of the above fluoroTubber include vinylidene 
fluoride-hexafluoropropylene type fluoro-rubber (VDFHFP type 
fluoro-rubber, vinylidene fluoride-hexafluoropropylene-tetrafluoroethylene 
type fluoro-rubber (VDFHFPTFE type fluoro-rubber), vinylidene 
fluoride-pentafluoropropylene type fluoro-rubber (VDF-PFP type 
fluoro-rubber), vinylidene fluoride "pentafluoropropylene-tetrafluoroethylene 
type fluoro-rubber (VDFPFP-TFE type fluoro-rubber), vinylidene 
fluoride -perfluoromethylvinyl ether tetrafluoroethylene type fluoro-rubber 
(VDF-PFMVE-TFE type fluororubber), vinyUdene 

fluoride-chlorotrifluoroethylene type fluoro-rubber (VDF PFMVE-TFE type 
fluoro-rubber) and vinylidene fluoride-chlorotrifluoroethylene type 
fluoro-rubber (VDF-CTFE type fluoro rubber). Fluoro-rubbers produced by 
copolymerizing at least two types selected from VDF, HFP and TFE are 
preferable and VDF-HFP-TFE type fluororubber produced by 
copolymerizing three tj^pes among the above group are partictdarly 
preferable. 
[0047] 

Any material may be used as the first hquid SI without any particular 
limitation insofar as it is a Uqxiid which can dissolve the above first binder 
P2. Examples of the first Uqvdd SI include ketone type solvents such as 
methyl ethyl ketone (MEK} and methyl isobutyl ketone (MIBK). 
[0048] 

As to the amoimts of the conductive particles PI and first binder P2 to be 
compounded in the imdercoat layer forming coating solution LI, the amount 
of the conductive particles PI is preferably 20 to 90 mass% and more 
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preferably 50 to 70 mass% and the amount of the binder P2 is preferably 10 
to 80 mass% and more preferably 30 to 50 mass% based on the total soUd 
content (specijBcally, the total amount of the undercoat layer) excluding the 
first hquid Si. When the amount of the conductive particles PI to be 
compounded is less than the above lower limit, there is a tendency that the 
electronic conductivity of the undercoat layer to be formed is reduced and 
the internal resistance is therefore increased. When the amount of the 
conductive particles PI to be compounded exceeds the above upper limit, the 
physical adhesion tends to be reduced because the amount of the first binder 
P2 to be compounded is relatively reduced. 
[0049] 

Also, when the mass of the conductive particles PI is Xi and the mass of the 
first liquid SI is Yi, the first liquid SI in the undercoat layer forming 
coating solution LI is preferably compounded in such an amount that Yi/Xi 
satisfies the following equation. 
4.0 <Yi/Xi< 19.0 

When Yi/Xi is less than the above lower limit, there is a tendency that the 
dispersibility of the conductive particles PI and first binder P2 in the 
undercoat layer forming solution LI is reduced, bringing about an increase 
in internal resistance and a reduction in electrical and physical adhesion. 
When Yi/Xi exceeds the above upper limit, on the other hand, there is a 
tendency that the fluidity becomes too high and therefore uniform 
application is difficult. Specifically, because the solid concentration is too 
low, it is difficult to form the undercoat layer imiformly by one coating 
operation and there is a tendency that the number of applications is 
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increased, resulting in reduced production efficiency. 
[0050] 

The undercoat layer 17 is formed by applying the xmdercoat layer forming 
coating solution Ll like this to one surface of the current collector 16, 
followed by removing the first solution. The thickness of the undercoat 
layer is preferably 0.2 to 10 ixm and more preferably 0.5 to 6 fxm. When the 
thickness is less than the above lower limit, there is a tendency that coating 
unevenness of the imdercoat layer is easily caused, bringing about a 
reduction in electrical and physical adhesion of each layer in the electrode 
10 and an increase in internal resistance. When the thickness exceeds the 
above upper limit, there is a tendency that the internal resistance of the 
electrode 10 is increased. 
[0051] 

A preferable range of the thickness of the undercoat layer 17 tend to vary 
according to the major components of the conductive particles PI which are 
one of the structural materials of the imdercoat layer 17 as will be explained 
below. Here, the aforementioned "major component" means a component 
contained in an amount of 50 mass% or more based on the total amount of 
the conductive particles PI in the conductive particles PI. 
[0052] 

As to the undercoat layer 17, the major component of the conductive 
particles PI is preferably carbon black and in this case, the thickness of the 
undercoat layer 17 is 0.2 to 5 ^im and more preferably 0.5 to 3 jma. 
[0053] 

As to the undercoat layer 17, the major component of the conductive 
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particles PI is preferably carbon black and graphite, and in this case, the 
thickness of the undercoat layer 17 is 0.2 to 10 ^im and more preferably 3 to 
6 ^m. Here, that the major component is carbon black and graphite means 
that a component consisting of carbon black and graphite is contained in an 
amount of 50 mass% or more based on the total . amount of the conductive 
particles PI in the conductive particles PI. 
[0054] 

When the thickness is less than the aforementioned lower limit in each 
structural material like this, coating unevenness of the undercoat layer is 
easily caused and there is therefore a tendency that the electrical and 
physical adhesion of each layer is reduced and the internal resistance is 
increased easily in the electrode 10. When the thickness exceeds the above 
each upper limit, the internal resistance of the electrode 10 tends to 
increase. 
[0055] 

Also, when carbon black and graphite are contained as the major 
components of the aforementioned conductive particles PI, each content of 
the aforementioned carbon black and graphite is as follows- the content of 
carbon black is preferably 33 mass% or more and more preferably 50 to 75 
mass% and the content of graphite is preferably 67 mass% and preferably 25 
to 50 mass% based on the total amount of the conductive particles PI. If 
carbon black and graphite are contained in such amounts, there is a 
tendency that the internal resistance of the electrode 10 is reduced 
sufficiently and the adhesion of each layer of the electrode 10 is improved as 
long as the undercoat layer has a thickness falling in the above range. 
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Particularly, if carbon black is contained in an amount falling in the above 
range, excellent electronic conductivity can be imparted even if the 
thickness of the imdercoat layer is increased in the above defined range. 
[0056] 

The porous body layer 18 is a layer which contributes to the storage of 
electricity and discharge and is formed on the undercoat layer 17, and 
contains at least porous particles having electronic conductivity and a 
second binder which can be boimd with the porous body particles as its 
structural materials. Then, the porous body layer 18 is formed in the 
following manner. Specifically, first a porous body forming coating solution 
containing at least the porous body particles, the second binder and the 
second liquid which can dissolve the second binder is prepared and then this 
solution is applied to the undercoat layer 17, followed by removing the 
second Hquid, whereby the coating solution is prepared. It is to be noted 
that the porous body layer 18 preferably further contains an 
electroconductive adjuvant to obtain higher electronic conductivity. 
[0057] 

Here, as shown in, for example. Fig. 3, the porous body layer forming 
coating solution L3 is prepared by pouring the conductive particles P3, the 
second binder P4, the second liquid S2 and, as required, the 
electroconductive adjuvant P5 in a container C2 with a stirrer SB2 
contained therein and by stirring the mixture. Although no particular 
limitation is imposed on stirring time and temperatiure during stirring, it is 
preferable that the stirring time be about 1 to 5 hours and the temperature 
during stirring be about 20 to 50°C with the viewpoint of dispersing 
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uniformly. 
[0058] 

Any material may be used as the porous body particles P3 without any 
particular limitation insofar as it is porous body psirticles having electronic 
conductivity which contributes to the storing and discharging of charges. 
Examples of the porous body particles P3 include granular or fibrous 
activated carbon which has been subjected to activation treatment. 
[0059] 

Also, the porous body particles P3 has an average particle diameter of 
preferably 3 to 20 ^im, and a BET specific surface area of preferably 1500 
m2/g or more and more preferably 2000 to 2500 m^/g. If the porous body 
particles P3 like this are used, the electrode 10 tends to have high 
electrostatic capacity. 
[0060] 

Any binder material may be used as the second binder P4 without any 
particular limitation insofar as it can be bound with the above porous body 
particles P3. Examples of the second binder P4 include the same binders 
as those exemplified as the first binder P2. Among these binder materials, 
fluoro-rubber is preferable. If such a binder is used, there is a tendency 
that it is possible to bind the porous body particles P3 sufficiently even if the 
amoimt of the binder is small, the size of the double layer interface is 
improved and the electrode characteristics are improved. 
[0061] 

Examples of the aforementioned fluoro-rubber include the same 
fluoro-rubbers that are shown as the examples of the first binder P2. 
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Among these rubbers, fluoro-rubbers prepared by copolymerizing at least 
two types selected from the group consisting of VDF, HFP and TFE are 
preferable, and a VDF-HFP-TFE fluoro rubber produced by copolymerizing 
three types among the above group is particularly preferable. Also, it is 
preferable to use the same binders as the first binder P2 used in the 
undercoat layer and the second binder P4 used in the porous body layer 
because higher physical adhesion tends to be obtained. 
[0062] 

Any material may be used as the electroconductive adjuvant P5 to be added 
according to the need without any particular limitation insofar as it is 
particles having electronic conductivity. Preferable examples of the 
electroconductive adjuvant include carbon materials containing carbon black 
and carbon materials containing carbon black and graphite as explained in 
the case of the above electroconductive particles PI. As to the average 
particle diameter and the BET specific surface area, electroconductive 
materials having an average particle diameter and BET specific surface 
area falling respectively in the above range explained in the case of the 
above conductive particles PI are preferably used. Among these materials, 
acetylene black having an average particle diameter and a BET specific 
s\u:face area respectively falling in the above range is preferably used as the 
electroconductive adjuvant P5 because there is a tendency that it imparts 
electronic conductivity with more certainty. 
[0063] 

Any material may be used as the second Hquid S2 without any particular 
Umitation insofar as it can dissolve and/or disperse the aforementioned 
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second binder P4. The same liquids as those exemplified as the above first 

liquid SI are given as examples of the second liqvdd S2. 

[0064] 

As to the amounts of the porous body particles P3, the second binder P4 and 
the electroconductive adjuvant P5 in the porous body layer forming coating 
solution L3, the amount of the porous body particles P3 is preferably 70 to 
95 mass% and more preferably 80 to 87 mass%, the amount of the second 
binder P4 is preferably 3 to 15 mass% and more preferably 5 to 10 mass% 
and the amount of the conductive adjuvant P5 is preferably 2 to 15 mass% 
and more preferably 5 to 10 mass% based on the total soUd content 
(specifically, the total amount of the porous body layer) excluding the second 
liquid S2. When the amount of the porous body particles P3 to be 
compounded is less than the above lower limit, there is a tendency that only 
insufficient capacitance is obtained and the electrode characteristics are 
deteriorated. When the amount of the porous body particles P3 to be 
compounded exceeds the above upper limit, there is a tendency that the 
porous body particles P3 are insufficiently bound and the mechanical 
strength of the porous body layer 18 and the whole of the electrode 10 is 
reduced because the amount of the second binder P4 to be compounded is 
relatively reduced. 
[0065] 

Also, when the mass of the porous body particles P2 is X2 and the mass of 
the second Hquid S2 is Y2, the second liquid S2 in the porous body forming 
coating solution L3 is preferably compounded in such an amount that Y2/X2 
satisfies the following equation. 
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2.3 < Y2/X2 < 4.0 

When Y2/X2 is less than the above lower limit, there is a tendency that the 
dispersibihty of the porous body particles P3 and second binder P4 in the 
porous body layer forming solution L3 is reduced, bringing about an increase 
in internal resistance and a reduction in mechanical strength. When Y2/X2 
exceeds the above upper Umit, on the other hand, there is a tendency that 
the fluidity becomes too high and therefore xmiform application is difficult. 
Specifically, because the soUd concentration is too low, it is difficult to form 
the porous body layer uniformly by one coating operation and there is a 
tendency that the number of applications is increased, resulting in reduced 
production efficiency. 
[0066] 

The porous body layer 18 is formed by applying the porous body layer 
forming coating solution L3 like this to the surface of the undercoat layer 17, 
followed by removing the second solution. The thickness of the porous body 
layer is preferably 40 to 140 fim and more preferably 40 to 100 ^m. The 
structure of the electrochemical capacitor electrode 10 of the present 
invention permits the porous body layer 18 to be reduced in thickness to the 
above range. Making the porous body layer 18 have such a thickness 
brings about a tendency that an electrochemical capacitor obtained using 
the electrochemical capacitor electrode 10 can be reduced in size and weight. 
Because the electrochemical capacitor electrode 10 has excellent electrode 
characteristics originated from its structxire as mentioned above, there is a 
tendency that it can sufficiently retain the characteristics required in 
devices on which it is to be mounted even if it is made small-sized and 
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lightweight. 
[0067] 

Also, the void volume of the porous body layer 18 is preferably 60 to 80 jxL. 
If the porous body layer 18 has such a void volume, the interface which is in 
contact with the electrolytic solution can be secured sufiBciently in the 
electrochemical capacitor using the electrochemical capacitor electrode 10 of 
the present invention. The "void volume" is the value indicating the total 
pore volume of the porous body layer 18. When voids or fine cracks formed 
between particles which are the structural materials of the porous body 
layer 18 are present, this value is calculated by adding the volume of the 
voids or cracks. The volume of this voids may be foimd by a known method 
such as an ethanol impregnation method. 
[0068] 

The entire thickness of the electrochemical capacitor electrode 10 produced 
by laminating the cxurent collector 16, the undercoat layer 17 and the 
porous body layer 18 as explained above is preferably 50 to 200 ^im and 
more preferably 60 to 120 jim. Such a thickness ensures that an 
electrochemical capacitor which can be installed in a limited narrow space 
in small portable devices can be obtained easily. 
[0069] 

As a method of applying the undercoat layer forming coating solution LI 
and the porous body layer forming coating solution L3 in the method of 
forming the aforementioned undercoat layer 17 and porous body layer 18 in 
the electrochemical capacitor electrode 10, conventionally known coating 
methods may be used without any particular limitation. For example, an 
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extrusion-lamination method, doctor blade method, gravure coating method, 
reverse coating method, applicator coating method and screen printing 
method may be adopted. Among these methods, a coating method 
according to the aforementioned extrusion lamination method is preferably 
adopted in the present invention, because there is a tendency that the 
coating solution can be evenly applied in a lower thickness in the condition 
that structural components are highly dispersed. Hereinafter, a method of 
producing the electrochemical capacitor electrode 10 by using a coating 
method according to the extrusion lamination method will be explained. 
[0070] 

The electrochemical capacitor electrode 10 of the present invention is formed 
into a sheet form by using devices 70 and 80 as shown in Figs. 4, 5 and 6. 
[0071] 

The device 70 shown in Fig. 4 is primarily constituted of a first roll 71, a 
second roll 72, a dryer 73 disposed between the rolls 71 and 72 and two 
support rolls 79. The first roll 71 is constituted of a cylindrical core 74 and 
a tape-like first laminate sheet 75. One end of this first laminate sheet 75 
is connected to the core 74 and the first laminate sheet 75 is coiled around 
the core 74. Moreover, the first laminate sheet 75 has a structxire in which 
a metal foil sheet 160 (which is to be the current collector 16 in the electrode 
10) is laminated on a base sheet Bl. 
[0072] 

Also, the second roll 72 has a cyUndrical core 76 to which the other end of 
the first laminate sheet 75 is connected. Moreover, a core driving motor 
(not shown) that rotates the core 76 is connected with the core 76 of the 
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second roll 72 so that the second laminate sheet 77 after the undercoat layer 
forming coating solution LI is applied and dried in the dryer 73 is rolled at a 
given speed. 
[0073] 

First, when the core driving motor is rotated, the core 76 of the second roll 
72 is rotated and the first laminate sheet 75 coiled aroxmd the core 74 of the 
first roll 71 is drawn out of the first roll 71. Next, the undercoat layer 
forming coating solution LI is applied to the surface of the metal foil sheet 
160 of the drawn first laminate sheet 75. A coating film L2 comprising the 
imdercoat layer forming coating solution LI is thereby formed on the metal 
foil sheet 160. Then, the first laminate sheet 75 formed with the coating 
film L2 is introduced into the dryer 73 through the support roll 79 by the 
rotation of the core driving motor. In the dryer 73, the coating film L2 on 
the first laminate sheet 75 is dried and the first Hqmd SI in the coating film 
L2 is removed to form a layer 78 (hereinafter referred to as "first precursor 
layer 78") which is to be a precursor of the undercoat layer 17 in the 
electrode to be produced. In this case, any method is used to dry the 
coating film L2 in the dryer 73 without any particular limitation insofar as 
the first liqxiid Si in the coating film L2 is thoroughly removed. However, 
this drying operation is preferably carried out at 70 to 130°C for 0.1 to 3 
minutes. 
[0074] 

Then, the second laminate sheet 77 in which the first precursor layer 78 is 
formed on the first laminate sheet 75 is led to and coiled around the core 76 
through the support roll 79 by the rotation of a core driving motor. 
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[0075] 

Then, the second laminate sheet 77 coiled around the second roll 72 is 
arranged on the fibrst roll 71 side as shown in Fig. 5 to apply the porous body 
layer forming coating solution L3 to the precursor layer 78 in the same 
procedures as in the formation of the first preciirsor layer 78. A coating 
film L4 made of the porous body layer forming coating solution L3 is thereby 
formed on the first precursor layer 78. Then, in the dryer 73, the coating 
film L4 on the second laminate sheet 77 is dried and the second liquid S2 in 
the coating film L4 is removed to form a layer 88 (hereinafter referred to as 
"second precursor layer 88") which is to be a precursor of the porous body 
layer 18 in the electrode to be produced. In this case, any method is used to 
dry the coating film L4 in the dryer 73 without any particular limitation 
insofar as the second liquid S2 in the coating film L4 is thoroughly removed. 
However, this drying operation is preferably carried out at 90 to 130^*0 for 
0.5 to 5 minutes. 
[0076] 

Then, the third laminate sheet 87 in which the second precursor layer 88 is 
formed on the second laminate sheet 77 is led to and coiled aroxmd the core 
76 through the support roll 79. 
[0077] 

The third laminate sheet 87 in which the first precursor 78 is thus formed 
on the first laminate sheet 75 and further the second precursor 88 is formed 
on the first precursor 78 is manufactured in the above procedures. It is to 
be noted that the method of forming the second precursor 88 on the first 
precursor layer 78 is not limited to the above method and as other methods. 
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methods explained below are given as examples. 
[0078] 

Specifically, in one of these other methods, as shown in Fig. 4, after the 
second laminate sheet 77 is once coiled around the second roll 72, a core 
driving motor (not shown) that rotates the core 74 is connected to the core 
74 of the first roll 71 to rotate the core 74 in a direction opposite to the 
direction shown in Fig. 4. The second laminate sheet 77 coiled aroimd the 
second roll 72 is thereby drawn out of the second roll 72. Then, the porous 
body layer forming coating solution L3 is applied to the first precursor 78 of 
the second laminate sheet 77 just before the drawn second laminate sheet 
77 is introduced into the dryer 73, to form a coating film Lf4, which is then 
dried to obtain the third laminate sheet 87 formed with the second precursor 
layer 88. 
[0079] 

Also, the other methods include the following method. Specifically, in this 
method, two dryers 73 are arranged at a predetermined interval, the 
undercoat layer forming coating solution LI is applied to the surface of the 
first laminate sheet 75 and dried in the first drier 73 to form the first 
precursor layer 78. In succession, the porous body layer forming coating 
solution L3 is apphed to the sxirface of the first precursor layer 78 and dried 
in the second dryer 73 to form the second precursor layer 88, thereby 
obtaining the third laminate sheet 87, which is then coiled aroxmd the core 
76. 

[0080] 

Next, using the above third laminate sheet 87 obtained using a proper 
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method among various methods as mentioned above and a device 80 shown 

in Fig. 6, an electrode 90 is manufactured. 

[0081] 

The device 80 shown in Fig. 6 is constituted primarily of a first roll 81, a 
second roll 82 and a roll press machine 83 disposed between the first roll 81 
and the second roll 82. The first roll 81 is constituted of a cylindrical core 
84 and the foregoing tape"like third laminate sheet 87. One end of the 
third laminate sheet 87 is connected with the core 84 and further, the third 
laminate sheet 87 is coiled around the core 84. The third laminate sheet 87 
has a structure in which the first precursor layer 78 is laminated on the first 
laminate sheet 75 provided with the metal foil sheet 160 laminated on the 
base sheet Bl and further, a second precursor layer 88 is laminated on the 
first precursor layer 78. 
[0082] 

Also, the second roll 82 has a cylindrical core 86 with which the other end of 
the third laminate sheet 87 is connected. Further, a core driving motor 
(not shown) that rotates the core 86 is connected to the core 86 of the second 
roll 82 so that the electrode sheet 90 after pressed in the roll press machine 
83 is coiled at a predetermined speed. 
[0083] 

First, when the core driving motor is rotated, the core 86 of the second roll 
82 is rotated and the third laminate sheet 87 coiled around the core 84 of the 
first roll 81 is drawn out of the first roll 81. Next, the third laminate sheet 
90 is introduced into the roll press machine 83 by the rotation of a core 
driving motor. Two cylindrical roUers 83A and 83B are disposed in the roll 
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press machine 83. These rollers 83A and 83B are arranged such that the 
third laminate sheet 87 is interposed between the both, the side of the roller 
83A is put in such a state as to be in contact with the outside siurface of the 
second precursor layer 88, the side of the roller 83B is put in such a state as 
to be in contact with the outside surface (backside) of the base sheet Bl of 
the third laminate sheet 87, when the third laminate sheet 87 is interposed 
between the both, and the third laminate sheet 87 is pressed at a given 
temperature imder a given pressure. 
[0084] 

Also, these cylindrical rollers 83A and 83B are respectively provided with a 
rolling mechanism that rotates in a direction following the moving direction 
of the third laminate sheet 87. Moreover, these cylindrical rollers 83A and 
83B are so arranged that the distance between each bottom surface is larger 
than the width of the third laminate sheet 87. 
[0085] 

In the roll press machine 83, the first and second precursor layers 78 and 88 
on the third laminate sheet 87 are treated under heating and pressure into 
an undercoat layer 170 (the undercoat layer 17 in the electrode 10) and a 
porous body layer 180 (the porous body layer 18 in the electrode 10). Then, 
the electrode sheet 90 with the porous body layer 180 formed on the third 
sheet 87 is coiled around the core 86. 
[0086] 

The press treatment using the device 80 may be carried out after the first 
precursor layer 78 and the second preciursor 88 are laminated as mentioned 
above. However, the press treatment may be carried out, first, after the 
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first precursor layer 78 is laminated and may be then carried out again after 
the second precursor layer 88 is laminated. Specifically, the press 
treatment may be carried out every time when each layer is laminated. 
[0087] 

The electrode sheet 90 in which the base sheet Bl, the metal foil sheet 160, 
the undercoat layer 170 and the porous body layer 180 are laminated in this 
order is obtained by the method as mentioned above. This electrode sheet 
90 is cut into a desired size to thereby obtain an electrochemical capacitor 
electrode 10 according to the present invention. 
[0088] 

(Electrochemical capacitor) 

The electrochemical capacitor of the present invention has plate -like first 
and second electrodes which face each other as an anode and a cathode. At 
least one of these anode and cathode is the electrochemical capacitor 
electrode of the present invention as mentioned above. Also, it is more 
preferable that the anode and the cathode be both the electrochemical 
capacitor electrodes of the present invention. Preferred embodiments of 
the electrochemical capacitor of the present invention will be hereinafter 
explained in detail taking, as an example, the case where both the anode 
and cathode are the electrochemical capacitors of the present invention. 
The electrochemical capacitor electrode 10 of the present invention as shown 
in Fig. 1 is used as an anode 10 in the following electrochemical capacitor of 
the present invention. 
[0089] 

Fig. 7 is a fi-ont view showing a preferred embodiment of the electrochemical 
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capacitor of the present invention. Also, Fig, 8 is a development view in the 
case of viewing the inside of the electrochemical capacitor shown in Fig. 7 
from the direction of the normal line of the surface of the anode 10. 
Moreover, Fig. 9 is a schematic sectional view along with the line XI -XI of 
the electrochemical capacitor shown in Fig. 7. Also, Fig. 10 is a schematic 
sectional view of a major part along with the line X2-X2 of the 
electrochemical capacitor shown in Fig. 7. 
[0090] 

As shown in Figs 7 to 11, the electric double layer capacitor 1 mainly 
comprises a plate-like anode 10 (first electrode) and a plate-like cathode 20 
(second electrode) which face each other, a plate-like separator 40 disposed 
adjacent to and between the anode 10 and the cathode 20, an electrolytic 
solution 30 and a casing 50 that receives these parts in a hermetically 
sealed state, and further, an anode lead 12 with one end being electrically 
connected with the anode 10 and the other end being projected externally 
from the casing 50 and a cathode lead 22 with one end being electrically 
connected with the cathode 20 and the other end being projected externally 
fi-om the casing 50. Here, the "anode" 10 and the "cathode" 20 are 
determined based on the polarities of the electrochemical capacitor 1 at the 
time of discharging for convenience of explanation. 
[0091] 

Then, the electrochemical capacitor 1 has a structure as will be explained 
below. Each structural element of this embodiment will be hereinafter 
explained in detail with reference to Fig, 1 and Figs. 7 to 14. 
[0092] 
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The casing 50 has a first film 51 and a second film 52 which face each other. 
Here, as shown in Fig. 8, the first and second films 51 and 52 in this 
embodiment are connected with each other. Specifically, the casing 50 in 
this embodiment is formed by folding a rectangular film made of one 
composite package film along the line X3-X3 as shown in Fig. 8, overlapping 
a pair of edges of the rectangxilar film which edges are facing each other (the 
edge 5 IB of the film 51 and the edge 52B of the film 52) and binding these 
edges with each other by using an adhesive or by heat sealing. 
[0093] 

Then, the first and second films 51 and 52 are shown as the parts of the 
rectangular film which parts are formed when folding the rectangular film 
and are facing each other. Here, in this specification, each edge of the first 
and second films 51 and 52 after these edges are bound is called a "seal 
part". 
[0094] 

This measmres eliminates the necessity of preparing a seal portion for 
binding the first film 51 and the second film 52 at the part of the folded line 
X3-X3 and it is therefore possible to more reduce seal parts in the casing 50. 
As a result, the volume energy density based on the volume of the space in 
which the electrochemical capacitor 1 is to be installed can be more 
improved. The aforementioned "volume energy densitjr" is defined by the 
ratio of the total output energy to the total volume including the container of 
the electrochemical capacitor. On the other hand, the aforementioned "the 
volume energy density based on the volume of the space where an 
electrochemical capacitor is to be installed" means ratio of the total output 
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energy of the electrochemical capacitor to the apparent volume calculated 
based on the maximum length, maximimi width and maximimi thickness of 
the electrochemical capacitor. When an electrochemical capacitor is 
moimted on a small electronic device in actual, it is important to improve 
not only the volxmie energy density originally but also the volume energy 
density based on the volume of the space in which the electrochemical 
capacitor is to be installed from the viewpoint of efficiently utilizing a 
limited space in a small electronic device in the condition that a dead space 
is sufficiently reduced. 
[0095] 

In the case of this embodiment, as shown in Figs. 7 and 8, each one end of 
the anode lead 12 connected to the anode 10 and the cathode lead 22 are 
disposed in such a manner that they are projected externally from the seal 
part where the edge 51B of the first film 51 is bound with the edge 52B of 
the second film. 
[0096] 

Also, the film constituting the first and second films 51 and 52 is preferably 
a flexible film. Since the film is light-weight and is easily thinned, the 
shape of the electrochemical capacitor itself may be thin-film form. 
Therefore, the original volume energy density can be improved easily and at 
the same time, the volume energy density based on the volxmie of the space 
in which the electrochemical capacitor is to be installed can be improved. 
[0097] 

This film is preferably flexible and is preferably a "composite package film'' 
provided with the innermost layer which is made of a synthetic resin and is 
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in contact with the electrolytic solution and also provided with a metal layer 
disposed above the innermost layer from the viewpoint of efficiently 
preventing the permeation of moisture and air into the inside of the casing 
from the outside of the casing and the dissipation of the electrolytic 
component while securing the mechanical strength and lightness of the 
casing. Examples of the composite package film usable as the first and 
second films 51 and 52 include composite films having the structures shown 
in Figs. 12 and 13. A composite film 53 shown in Fig. 12 is provided with 
an innermost layer 50a which is made of a synthetic resin and is in contact 
with the electrolytic solution at its inner surface F50a and also provided 
with a metal layer 50c disposed on the other surface (outside surface) of the 
innermost layer 50a. Also, a composite package film 54 shown in Fig. 13 
has a structure in which an outermost layer 50b made of a synthetic resin is 
further disposed on the outside surface of the metal layer 50c of the 
composite package film 53 shown in Fig. 12. 
[0098] 

Any film may be used as the composite package film usable as the first and 
second films 51 and 52 without any particular limitation insofar as it is a 
composite package material having two or more layers provided with one or 
more synthetic resin layer including the aforementioned innermost layer 
and a metal layer such as a metal foil. However, it is more preferable that, 
Hke the composite package film 54 shown in Fig. 13, the films 51 and 52 be 
constituted of three or more layers including the innermost layer, the 
outermost layer which is made of a synthetic resin and disposed most apart 
from the innermost layer on the side of the outside surface of the casing 50, 



(43) 



and at least one metal layer disposed between the innermost layer and the 

outermost layer. 

[0099] 

The innermost layer is a flexible layer and any material may be used as the 
structural material of the innermost layer insofar as it is a synthetic 
material which can exhibit the aforementioned flexibility and has chemical 
stability (characteristics preventing a chemical reaction, dissolution and 
swelling) against the electrolytic solution to be used and chemical stability 
against oxygen and water (moisture in air). However, materials further 
having characteristics reduced in permeability to oxygen, water (moistxire in 
air) and the electrolytic component are preferable. Examples of such a 
material include engineering plastics and thermoplastic resins such as 
polyethylene, polypropylene, acid modified products of polyethylene, acid 
modified products of polypropylene, polyethylene ionomers and 
polypropylene ionomers. 
[0100] 

The "engineering plastic" indicates plastics having such excellent dynamic 
characteristics, heat resistance and durability as used for mechanical parts, 
electric parts, housing materials and the like. Examples of the engineering 
plastic include polyacetal, polyamide, polycarbonate and 
polyoxytetramethyleneox3i;erephthaloyl (polybutylene terephthalate, 
polyethylene terephthalate, polyimide and polyphenylene sulfide). 
[0101] 

Also, when, like the aforementioned composite package film 54 as shown in 
Fig. 13, a synthetic resin layer like the outermost layer 50b and the like is 



(44) 

further formed besides the innermost layer 50a, this synthetic resin layer 
may use the same structural material as the aforementioned innermost 
layer. Further, as this synthetic resin layer, a layer comprising an 
engineering plastic such as polyethylene terephthalate (PET) and polyamide 
(nylon) may be used. 
[0102] 

Although no particular limitation is imposed on a method of sealing all seal 
parts in the casing 50, a heat-seal method is preferable from the viewpoint 
of productivity. 
[0103] 

As the metal layer, a layer formed of a metal material having corrosion 
resistance to oxygen, water (water in air) and the electrolytic solution is 
preferable and for example, a metal foil made of aluminum, aluminum 
alloys, titanium or chromium may be used. 
[0104] 

Next, explanation will be furnished as to the anode 10 and the cathode 20. 
The anode 10 is one to which the aforementioned electrochemical capacitor 
electrode 10 of the present invention as shown in Fig. 1 is apphed. Also, 
the cathode 20 is one to which an electrode having the same structure as the 
electrochemical capacitor electrode 10 as shown in Fig. 14 is applied. Here, 
like the anode 10, the cathode 20 shown in Fig. 14 has the structure 
provided with the current collector 26, the xmdercoat layer 27 formed on one 
surface of the current collector and the porous body layer 28 formed on the 
undercoat layer. 
[0105] 
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It is to be noted that it is only required for the electrochemical capacitor of 
the present invention to use the electrochemical capacitor electrode of the 
present invention as at least one of the anode and the cathode. For 
example, a conventionally known electrode having the structure in which a 
porous body layer is formed on one sxirface of a current collector via no 
undercoat layer may be used. It is preferable that both the anode and the 
cathode be the electrochemical capacitor electrodes of the present invention 
from the viewpoint of more reducing the size and weight while maintaining 
satisfactory electrode characteristics. 
[0106] 

The separator 40 interposed between the anode 10 and the cathode 20 is 
preferably formed of an insulating porous body. Examples of the insulating 
porous body include laminates of films made of polyethylene, polsrpropylene 
or polyolefin, a stretched film of a mixture of the above resins and fiber 
nonwoven fabric comprising at least one structural material selected from 
the group consisting of cellulose, polyester and polypropylene. 
[0107] 

It is to be noted that the void volume in the separator 40 is preferably 50 to 
75 fiL when the volume of the porous body layer is 100 \xL from the 
viewpoint of securing the contact interface with the electrolsrtic solution 
sufficiently. Any known method may be used as a method of measuring the 
void volume of the separator 40 without any particular Umitation. 
[0108] 

The current collector 28 of the cathode 20 is electrically connected to one end 
of the cathode lead 22 made of, for example, aluminum?* the other end of the 
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lead 22 is extended to the outside of the casing 50. On the other hand, the 
current collector 18 of the anode 10 is also electrically connected to one end 
of the anode lead conductor 12 made of copper or nickeL' the other end of the 
anode lead conductor is extended to the outside of the seal bag 14. 
[0109] 

The electrolytic solution 30 is filled in the inside space of the casing 50; a 
part of the solution is preferably contained in the anode 10, the cathode 20 
or the separator 40. 
[0110] 

There is no particular limitation to the electrolyte solution 30 and known 
electrolytic solutions (aqueous electrolytic solutions and electrolytic 
solutions using an organic solvent) used in electric double layer capacitors 
may be used. Because the withstand voltage of a capacitor is Hmited to a 
low level as an aqueous electrolytic solution is reduced in decomposition 
voltage electrochemically, an electrolytic solution using an organic solvent 
(nonaqueous electrolytic solution) is preferable. 
[0111] 

Moreover, although no particular limitation is imposed on the type of the 
electrolytic solution 30, it is usually selected in consideration of the 
solubihty of a solute, the degree of dissociation and the viscosity of the 
solution and is preferably an electroljiic solution having high conductivity 
and a high potential window (dissolution initiating voltage is high). As 
ts^pical examples of the electrolytic solution 30, those prepared by dissolving 
a quaternary ammonium salt such as tetraethyleneammonium 
tetrafluoroborate in an organic solvent such as propylene carbonate. 
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diethylene carbonate and acetonitrile are used. In this case, it is necessary 

to control water to be intermingled strictly. 

[0112] 

Moreover, as shown in Figs. 7 and 8, the part of the anode lead 12 in contact 
with the seal part of the seal bag which part is constituted of the edge 5 IB of 
the first film 51 and edge 52B of the second film is coated with an insulating 
material 14 which prevents the anode lead 12 fi-om being in contact with the 
metal layer in the composite package film constituting each film. 
Furthermore, the part of the cathode lead 22 in contact with the seal part of 
the seal bag which part is constituted of the edge 51B of the first film 51 and 
edge 52B of the second film is coated with an insulating material 24 which 
prevents the cathode lead 22 firom being in contact with the metal layer in 
the composite package film constituting each film. 
[0113] 

Although there is no particular limitation to the structures of these 
insulting materials 14 and 24, each may be formed of, for example, a 
synthetic resin. It is to be noted that if it is possible to prevent each of the 
anode lead 12 and the cathode lead 22 fi'om being in contact with the metal 
layer in the composite package film, the capacitor may have a structure in 
which these insulating materials 14 and 24 are not disposed. 
[0114] 

The electric double layer capacitor 1 has a thickness (the thickness of the 
whole electric double layer capacitor l) of preferably 0.2 to 2.0 mm and more 
preferably 0.2 to 1.0 mm firom the viewpoint of allowing the capacitor to be 
installed in a limited narrow space in portable small electronic devices. 
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[0115] 

The laminate (the laminate comprising the first electrode, the separator and 
the second electrode) comprising the anode 10, the separator 40 and the 
cathode 20 has a thickness (the thickness of an element assembly 60) of 
preferably 0.15 to 0.4 mm and more preferably 0.15 to 0.3 mm fi-om the 
viewpoint of allowing the capacitor to be installed in a limited narrow space 
in portable small electronic devices. If the electrochemical capacitor 
electrode of the present invention which can reduce the thickness of the film 
with ease is used as the anode and/or cathode, the thickness of the above 
electric double layer capacitor 1 and the thickness of the above element 
assembly 60 can be reduced to the above range easily. 
[0116] 

The capacitor capacitance of the electric double layer capacitor 1 is 
preferably 1 x 10^ to 10 F and more preferably 0.01 to 1 F. This makes it 
possible to obtain an electric double layer capacitor having a high 
capacitance though it has a film form. These capacitors can be used for IC 
cards, IC tags and the like by making use of the feature that they are thin. 
Also, the applications of these capacitors to toys and the like and to portable 
devices will be also spread. 
[0117] 

Next, a method of producing the aforementioned casing 50 and electric 

double layer capacitor 1 will be explained. 

[0118] 

No particular limitation is imposed on the element assembly 60 (a laminate 
obtained by laminating the anode 10, the separator 40 and the cathode 20 in 



(49) 

this order) and known technologies concerning the production of a thin film 
which are adopted for the production of known electrochemical capacitors 
may be used. 

After the anode 10 and the cathode 20 are manufactured according to the 
aforementioned method of producing an electrochemical capacitor electrode 
according to the present invention, the anode lead conductor 12 and the 
cathode lead 22 are electrically connected to the anode 10 and the cathode 
20 respectively. The separator 40 is disposed in contact with (but in an 
unstuck state) the anode 10 and the cathode 20 to complete the element 
assembly 60. 
[0119] 

Then, explanation will be furnished as to one example of a method of 
producing the casing 50. First, when the first film and the second film are 
respectively constituted of the aforementioned composite package film, the 
casing 50 is manufactured by a known production method such as a dry 
lamination method, wet lamination method, hot melt lamination method 
and extrusion lamination method. 
[0120] 

For example, a film which is to be a layer which is made of a synthetic resin 
and constitutes a composite package film and a metal foil made of aluminvim 
or the like are prepared. The metal foil may be prepared, for example, by 
processing metal materials by roUing. 
[0121] 

Next, a metal foil is, for example, applied to the film which is to be a layer 
made of a sjmthetic resin via an adhesive so as to make a structure 
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comprising plural layers as mentioned above, to manufacture a composite 
package film (multilayer film). Then, the composite package film is cut into 
a desired size to prepare one rectangular film. 
[0122] 

Then, as explained previously with reference to Fig. 8, one film is folded, 
and the seal part 51B (edge 51B) of the first film 51 and the seal part 52B 
(edge part 52B) of the second film are heat'sealed by a desired width using a 
sealing machine imder a fixed condition. At this time, a part which is not 
heat-sealed is left to secure an opening part that introduces the element 
assembly 60 into the casing 50. This ensures that the casing 50 put in the 
condition that it is provided with an opening part is obtained. 
[0123] 

Then, the element assembly 60 to which the anode lead conductor 12 and 
the cathode lead 22 are electrically connected is inserted into the casing 50 
put in the condition that it is provided with an opening part. Then, the 
electrolytic solution 30 is injected into the casing. In succession, the 
opening part of the casing 50 is sealed using a seal machine in the state that 
a part of the anode lead 12, a part of the cathode lead 22 are inserted into 
the casing 50, respectively. The production of the casing 50 and electric 
double layer capacitor 1 is completed in this manner. 
[0124] 

In the above, the explanation are given of the preferred embodiment of the 
present invention in detail. However, the present invention is not limited 
to the above embodiments. For example, in the explanation of the above 
embodiments, a preferable structure in the case of applying the present 
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invention to an electric double layer capacitor is primarily explained in the 
above explanation of the embodiments. However, the electrochemical 
capacitor of the present invention is not limited to an electric double layer 
capacitor but may be appUed to, for example, an electric double layer 
capacitor, such as a sewed capacitor and redox capacitor, which comprises a 
plate-like first electrode and a plate-like second electrode that are facing 
each other, a plate like separator disposed adjacent to and between the first 
and second electrodes, an electrolytic solution and a casing receiving these 
parts in a sealed state. 
[0125] 

[EXAMPLES] 

The present invention will be explained in more detail by way of examples 
and comparative examples, which, however, are not intended to be limiting 
of the present invention. 
[0126] 
[Example l] 

(Preparation of undercoat layer forming coating solution) 
60 g of acetylene black (trade name- Denka Black, manufactured by Denki 
Kagaku Kogyo Co., Ltd., specific surface area' 67 m^/g) and 40 g of 
fluoro-rubber (trade name- Viton-GF, manufactured by Du Pont) were 
poured into 200 mL of methyl isobutyl ketone (hereinafter referred to as 
"MIBICO and the mixture was kneaded for 30 minutes by using a planetary 
mixer. 950 mL of MIBK was further added to the resulting kneaded 
product, followed by stirring for 1.5 hours, to prepare an undercoat layer 
forming coating solution. 
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[0127] 

(Preparation of porous body layer forming coating solution) 
A mixtxire obtained by mixing 960 g of graniilar activated carbon (trade 
name* BP-20, manufactured by Kuraray Chemical, aspect ratio- about l.O) 
with 120 g of acetylene black (trade name: Denka Black, manufactured by 
Denki Kagaku Kogyo Co., Ltd., specific surface area^ 67 m^/g) for 15 minutes 
by using a planetary mixer and 120 g of fluoro-rubber (trade name^ 
Viton-GF, manufact\u"ed by Du Pont) were poured into 600 mL of MIBK and 
the mixture was kneaded for 30 minutes by using a planetary mixer. 4000 
mL of MIBK was further added to the resulting kneaded product, followed 
by stirring for 1 hour, to prepare a porous body layer forming coating 
solution. 
[0128] 

(Production of electrode) 

The above undercoat layer forming coating solution was applied uniformly 
to one surface of an alimiinum foil (thickness ^ 20 ^un) by an extrusion 
lamination method as explained with reference to Figs. 4 to 6, and then 
MIBK was removed in a 100°C drying furnace, to form an xmdercoat layer 
(thickness : 1 jim) on one surface of a current collector made of an aluminum 
foil. Then, the above porous body layer forming coating solution was 
applied imiformly to the surface of the undercoat layer by an extrusion 
lamination method and then, MIBK was removed in a 120°C drying furnace 
to form a porous body layer (thickness- 120 ^m) on the undercoat layer to 
obtain an electrode. The resulting electrode was cut into a rectangular 
form (size- 30 mm x 56 mm) and the cut electrode was dried at 150*^C to 
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175^C under vacuum for 12 hours or more to thereby remove water adsorbed 
to the surface of the porous body layer, thereby manufacturing an 
electrochemical capacitor electrode. As the aforementioned electrochemical 
capacitor electrode, two electrodes were produced for an anode and for a 
cathode respectively. 
[0129] 

(Production of electrochemical capacitor) 

First, a lead part (width- 2 mm, length: 10 mm) made of an aluminum foil 
was formed on the outer periphery of the sxirface of the current collector on 
which surface the electroconductive porous body layer was not formed in the 
produced anode and cathode. Then, the anode and the cathode were made 
to face each other to dispose a separator (made of regenerated cellulose 
nonwoven fabric (trade name^ TF4050, manufactured by Nippon Kodoshi 
Kogyo, 31 mm x 57 mm, thickness^ 0.05 mm) between the anode and cathode, 
to form a laminate (element assembly) in which the anode, the separator 
and the cathode were laminated in such a manner that these parts are in 
contact with each other (but in an unstuck state). 
[0130] 

Then, a sealant material was thermally bound with the seal part under 
pressure. Then, the above laminate (element assembly) was placed in the 
casing formed at a composite package film having flexibility and the seal 
parts were heat-sealed among them. As the composite package film having 
flexibility, a laminate in which an innermost layer (layer made of modified 
polypropylene) which was made of a synthetic resin and was in contact with 
an electrol5rtic solution, a metal layer made of an aluminum foil and a layer 
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made of polyamide were laminated in this order was used. Then, two 
composite package fOms thus formed were overlapped on each other and the 
edge parts of these films were heat-sealed to form an electrochemical 
capacitor. 
[0131] 

An electrolytic solution (a propylene carbonate solution of 1.2 mol/L 
triethylmethylammonium borofluoride) was injected into the above casing, 
followed by sealing imder vacuum to complete the production of an 
electrochemical capacitor (electric double layer capacitor). 
[0132] 
[Example 2] 

An electrochemical capacitor electrode was manufactured in the same 
manner as in Example 1 except that the thickness of the undercoat layer 
formed on one surface of the current collector made of an aluminum foil was 
changed to 3 |im. Also, an electrochemical capacitor was manufactured in 
the same manner as in Example 1 except that the electrochemical capacitor 
electrodes were respectively used for the anode and the cathode. 
[0133] 
[Example 3] 

An electrochemical capacitor electrode was manufactured in the same 
manner as in Example 1 except that fibrous activated carbon (trade name- 
FR-25, manufactured by Kuraray Chemical, aspect ratio- about 3) was used 
in place of the grantdar activated carbon in the porous body layer. Also, an 
electrochemical capacitor was manufactured in the same manner as in 
Example 1 except that the electrochemical capacitor electrodes were 
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respectively used for the anode and the cathode. 
[0134] 

[Example 4] 

An electrochemical capacitor electrode was manufactured in the same 
manner as in Example 1 except that fibrous activated carbon (trade name- 
FR-25, manufactured by Kiu'aray Chemical, aspect ratio- about 3) was used 
in place of the granular activated carbon in the porous body layer and the 
thickness of the undercoat layer formed on one surface of the current 
collector made of an aluminum foil was changed to 3 jim. Also, an 
electrochemical capacitor was manufactured in the same manner as in 
Example 1 except that the electrochemical capacitor electrodes were 
respectively used for the anode and the cathode. 
(Undercoat layer forming coating solution) 
[Example 5] 
[0135] 

A mixture obtained by mixing 40 g of acetylene black (trade name: Denka 
Black, manufactured by Denki Kagaku Kogyo Co., Ltd., specific siirface 
area: 67 m^/^ with 30 g of flake -like artificial graphite (trade name: KS-6, 
manufactured by Thimcal Japan, specific surface area: 15 m^/g) for 15 
minutes by using a planetary mixer and 30 g of fluoro'rubber (trade name: 
Viton-GF, manufactured by Du Pont) were poured into 150 mL of MIBK and 
the mixture was kneaded for 30 minutes by using a planetary mixer. 1000 
mL of MIBK was further added to the resulting kneaded product, followed 
by stirring for 1.5 hours, to prepare an undercoat layer forming coating 
solution. 
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[0136] 

(Preparation of porous body layer coating solution) 

A porous body layer forming coating solution was prepared in the same 

manner as Example 1. 

[0137] 

(Production of electrode) 

An electrochemical capacitor electrode was produced in the same manner as 
in Example 1 except that the above imdercoat layer forming coating solution 
and porous body layer forming coating solution were used and the thickness 
of the xmdercoat layer formed on one surface of the cmxent collector made of 
an aluminum foil was changed to 5 ^m. 
[0138] 

(Production of electrochemical capacitor) 

An electrochemical capacitor was manufactured in the same manner as in 
Example 1 except that the above electrochemical capacitor electrodes were 
respectively used as the anode and the cathode. 
[0139] 

[Example 6] 

An electrochemical capacitor electrode and an electrochemical capacitor 
were manufactured in the same manner as in Example 5 except that the 
thiclcness of the undercoat layer formed on one siuface of the cmrent 
collector made of an aluminum foil was changed to 8 \im. 
[0140] 
[Example 7] 

An electrochemical capacitor electrode was manufactured in the same 
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manner as in Example 5 except that fibrous activated carbon (trade name: 
FR-25, manufactured by Ktu-aray Chemical) was used in place of the 
granular activated carbon in the porous body layer and the thickness of the 
undercoat layer formed on one surface of the cxirrent collector made of an 
aluminum foil was changed to 6 |j.m. Also, an electrochemical capacitor 
was manufactured in the same manner as in Example 5 except that the 
electrochemical capacitor electrodes were respectively used for the anode 
and the cathode. 
[0141] 

[Comparative Example l] 

(Preparation of porous body forming coating solution) 

A porous body forming coating solution was prepared in the same manner as 

in Example 1. 

[0142] 

(Production of electrode) 

The above porous body layer forming coating solution was applied uniformly 
to one surface of an aluminum foil (thickness- 20 |am) by an extrusion 
lamination method and then MIBK was removed in a lOO^C drjdng furnace, 
to form an undercoat layer (thickness^ 7 jxm) on one surface of a current 
collector made of an aluminum foil, thereby obtaining an electrode. 
However, the obtained electrode was inferior in the physical adhesion 
between the porous body layer and the current collector and the porous body 
layer was therefore peeled from the current collector easily. Therefore, the 
electrode could not be cut into a rectangular form (size^ 30 mm x 56 mm). 
No electrochemical capacitor using the above electrodes as the anode and 
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the cathode could be therefore manxifactured. 
[0143] 

[Comparative Example 2] 

An electrode was manufactured in the same manner as in Comparative 
Example 1 except that fibrous activated carbon (trade name" FR-25, 
manufactured by Kuraray Chemical) was used in place of the granular 
activated carbon in the porous body layer. However, the obtained electrode 
was inferior in the physical adhesion between the porous body layer and the 
current collector and the porous body layer was therefore peeled from the 
current collector easily. Therefore, the electrode could not be cut into a 
rectangular form (size- 30 mm x 56 mm). No electrochemical capacitor 
using the above electrodes as the anode and the cathode could be therefore 
manufactiu-ed. 
[0144] 

[Test for evaluation of electrochemical capacitor] 

The electrode characteristics and internal resistance of the electrochemical 
capacitors manufactured in Examples 1 to 7 were measured as follows. 
The obtained results of measurement are shown in Table 1. 
[0145] 

(l) Electrode characteristics 

First, a charge operation was carried out under a current as lows as 2.5 mA 
by using a charging-discharging tester (HJ-101SM6, manufactured by 
Hokuto Denko Co., Ltd.) to monitor a rise in voltage according to the 
accimiulation of charges in the electrochemical capacitor. After the 
potential reached 2.5 V, the charge operation was transferred to a constant 
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voltage charge operation (mild charging). When the current reached 1/10 
the charging current, the charge operation was finished. Then, a discharge 
operation was carried out xinder a constant cxirrent of 2.5 mA and 
terminated at a voltage of 0. After this test was finished, a charge 
operation was carried out under a current of 5 mA. After the potential 
reached 2.5 V, the charge operation was transferred to a constant voltage 
charge operation (mild charging). When the current reached 1/10 the 
charging current, the charge operation was finished. Then, a discharge 
operation was again carried out under a constant current of 5 mA and was 
terminated at a voltage of 0. Then, a charge operation was started and this 
series of operations was repeated ten times. 
[0146] 

Total discharge energy [W s] was calculated as the time integral of discharge 
energy (discharge voltage x current (= 5 mA) firom a discharge curve 
(discharge voltage - discharge time) obtained by the above charge -discharge 
operation, to calculate the capacitance by using the relational equation 
(Capacitance [F] = 2 x Total discharge energy [W-s]/(Discharge start voltage 
[V])2. The value obtained by dividing the capacitance by the mass of both 
electrodes (anode and cathode) was defined as capacitance [F/g] per unit 
mass. The capacitance per unit mass was measured in the following 
environmental condition- temperature- 25°C and relative humidity- 60%. 
[0147] 

(2) Internal resistance 

The internal resistance was measured in the following procediu-es. 
Specifically, the internal resistance was measured using SOLARTRON 
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manufactured by Toyo Technica to define a resistance at 1 kHz as the 
internal resistance [Q]. The internal resistance was measured in the 
following environmental condition^ temperature- 25°C and relative 
humidity: 60%. 



[Table l] 





Capacitance per \xnit mass 

/F-g-i 


Internal resistance 
/Q 


Example 1 


30 


0.24 


Example 2 


29 


0.23 


Example 3 


32 


0.25 


Example 4 


31 


0.26 


Example 5 


30 


0.20 


Example 6 


29 


0.23 


Example 7 


32 


0.20 
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From the above results, it was confirmed that in the electrochemical 
capacitor electrodes (Examples 1 to 7) of the present invention, each layer 
was formed in the condition that it had electrically and physically sufficient 
adhesiveness and these electrodes had excellent capacitance per xmit mass 
and sxifficiently low internal resistance. On the other hand, the 
electrochemical capacitor electrodes obtained in Comparative Examples 1 
and 2 could not be used as an electrochemical capacitor electrode since the 
physical adhesiveness of each layer is insufficient. 
[0149] 

[EFFECT OF THE INVENTION] 

As mentioned above, the present invention can provide an electrochemical 
capacitor electrode which has electrically and physically sufficient 
adhesiveness and also excellent electrode characteristics and sufficiently low 
internal resistance. Such an electrochemical electrode has a structure 



A. 
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enabling the formation of a thin film and an electrochemical capacitor using 
the electrochemical capacitor electrode can be more reduced in size and 
weight while maintaining satisfactory ability required for devices on which 
this electrochemical capacitor to be mounted. Also, the method of 
producing an electrochemical capacitor electrode according to the present 
invention and the method of producing an electrochemical capacitor 
according to the present invention ensure that the electrochemical capacitor 
electrode and electrochemical capacitor of the present invention can be 
manufactured exactly. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a schematic sectional view showing an electrochemical capacitor 
electrode according to the present invention. 

Fig. 2 is an explanatory view for explaining a step of preparing an undercoat 
layer forming coating solution. 

Fig. 3 is an explanatory view for explaining a step of preparing a porous 
body layer forming coating solution. 

Fig. 4 is an explanatory view for explaining a step of forming an electrode 

sheet by using an undercoat layer forming coating solution. 

Fig. 5 is an explanatory view for explaining a step of forming an electrode 

sheet by using a porous body layer forming coating solution. 

Fig. 6 is an explanatory view for explaining a step of forming an electrode 

sheet. 

Fig. 7 is a fi-ont view showing a preferred embodiment of an electrochemical 
capacitor according to the present invention. 

Fig. 8 is a development view in the case of viewing the inside of the 
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electrochemical capacitor shown in Fig. 7 from the direction of the normal 
line of the surface of the anode 10. 

Fig. 9 is a schematic sectional view along with the line Xl Xl of the 
electrochemical capacitor shown in Fig. 7. 

Fig. 10 is a schematic sectional view of a major part along with the line 
X2-X2 of the electrochemical capacitor shown in Fig. 7. 

Fig. 11 is a schematic sectional view of a major part along with the line Y-Y 
of the electrochemical capacitor shown in Fig. 7. 

Fig. 12 is a schematic sectional view showing one example of a film to be the 
structural material of the casing of the electrochemical capacitor shown in 
Fig. 7. 

Fig. 13 is a schematic sectional view showing another example of a film to be 
the structural material of the casing of the electrochemical capacitor shown 
in Fig. 7. 

Fig. 14 is a schematic sectional view showing one example of the 
fiindamental structxire of a cathode of the electrochemical capacitor shown 
in Fig. 7. 

[EXPLANATION OF SYMBOLS] 

1- Electrochemical capacitor, 10- Electrochemical capacitor electrode, 12- 
Anode lead, 14^ Adhesive layer, 16- Cxirrent collector, 17- Undercoat 
layer, 18: Porous body layer, 20: Cathode, 22: Cathode lead, 26: 
Current collector, 27: Undercoat layer, 28: Porous body layer, 24: 
Adhesive layer, 30: Electrolytic solution, 40: Separator, 50: Casing, 60: 
Element assembly 
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